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ABSTRACT
1. A method fo r  preparing n u c le i in  high y ie ld  from brain  t is su e  o f
one-day old chicks was developed. These n u c le i appeared to be e s s e n t ia l ly  
fr e e  from contamination by cytoplasm and en d o th e lia l c e l l s .  A fu rther  
fr a c tio n a tio n  of n u c le i according to s iz e  ( i . e .  o f presumed neuronal arid 
g l i a l  o r ig in s) proved im p ractica l.
2 . The a c t iv i ty  and some c h a r a c te r is t ic s  o f the enzyme RNA polymerase 
in  the n u cle i were deteimined and conpared to  the data a v a ila b le  on the 
same enzyme from other sources. The a c t iv i t y  o f the ch ick  enzyme was 
higher than th at from mammals but was b a s ic a liy  s im ila r  in  i t s  response 
to  io n s  in  the assay  medium.
3 . The a c t iv i ty  o f RNA polymerase was measured in  three brain reg ion s of 
chicks e ith er  exposed fo r  30 minutes to  an in p rin tin g  stim ulus or kept 
in  darkness. There was a 3k% h igher a c t iv i t y  in  the foreb ra in  roof o f  
the exposed than the dark-maintained b ird s .
A new s e t  o f equipment fo r  exposing ch icks to  the im printing stim ulus 
or d if fu se  l ig h t  was b u ilt  and te sted , both by the birds* behaviour 
a fte r  exposure and by th e ir  r e la t iv e  degrees o f in co ip oration  o f  ^ -u r a c il  
in to  brain RNA. These r e su lts  were conpared to  those obtained p rev io u sly  
on other equipment and found to  be in  general agreement.
5» Using the new eqipment, the e f fe c t s  o f d if fe r e n t periods o f exposure 
to  the stim ulus on the b ir d s ’ cerebral RNA polymerase a c t iv i t y  were 
determined. These r e s u lt s  were conpared w ith  those from the u r a c i l  
incorporation  experim ents.
6 . P o ssib le  ex ten sion s of the work are d iscu ssed  in  conjunction w ith  
other suggested d ir e c tio n s  in  which such research could be pursued.
CHAPTER I
The ch a ra cter isa tio n  o f the mechanisms which u n d erlie  the 
behaviour o f an organism i s  an aw e-inspiring task, but one id-th 
which Man has been concerned sin ce  h is  e a r l ie s t  recorded days. 
From the concepts o f v is c e r a l  * humour * to  the recogn ition  of the  
importance o f the brain, and thence from phrenology to modern 
neurobiology, the problem o f understanding how overt behaviour 
i s  produced and regu lated , how experience i s  stored , m odified, 
r ec a lle d  and sometimes fo rg o tten , appears more d i f f i c u l t  the 
c lo se r  to the answer we g e t .
Several th eories  on the mode o f action  o f  the cen tra l 
nervous system have been presented (HEBB, ^9h9l KATZ and HALSTEAD, 
I95O5 LASHLEY, I95O5 HORN, 1%7; MARR, 1970) s in ce  about 1950. 
They are a l l  based upon the c h a r a c ter is tic  property o f nerve 
c e l l s  (neurons) th at th ey  can d ir e c t ly , and s p e c i f ic a l ly  a f f e c t  
each o th er’s a c t iv ity ,  e ith e r  p o s it iv e ly  or n eg a tiv e ly , through 
synaptic connections. Some, but not a l l ,  the models o f neural 
a c t iv ity  propose m od ification  o f the synapse as the mechanism 
of inform ation storage. Those which do are th e o r e t ic a lly  t e s ­
tab le by biochem ical means, but those which do not, and depend 
fo r  example, upon the frequency and temporal r e la tio n sh ip s  o f  
converging tr a in s  of nerve im pulses upon the neuron to determine 
i t s  response, c le a r ly  cannot be explored in  th is  way. Obviously, 
in  the study presented here, and in  those s im ila r  ones to  be 
discussed  now, the former rather than the la t t e r  type o f model 
i s  being te s te d .
In the sim p lest terms, stim u li iirpingeing on the organism 
are recorded by receptors in  the sense organs (eye, ear, nose)
or sk in  and in fo im ation  about th e ir  c h a r a c te r is t ic s  (e .g .  s p a t ia l  
d is tr ib u tio n , in te n s ity )  are relayed to the brain v ia  the r e le ­
vant nerves as im pulses. A ctions are produced by the reverse  
process^ s ig n a ls  from the brain tr a v e llin g  along nerve f ib re s  
to  the muscles where they e f f e c t  sp e c if ic  responses, seen g ro ss ly  
as behaviour. Between the inp ut (a fferen t) and output (e ffe r en t)  
nerves i s  the com plexity o f the intem eurons, nerve c e l l s  which 
do not d ir e c t ly  connect with e ith e r  receptors or e f fe c to r s  but 
only with each other and the term inals o f the a fferen t and e f f e ­
rent n erves. I t  i s  probably m ostly through m od ification s in  the 
in ter c o n n e c tiv ity  o f these c e l l s  th at inform ation storage and 
in teg ra tio n  occurs. The lik e lih o o d  o f a g iven  input producing a 
p a rticu la r  response w i l l  be cfependent on both the amount and type 
of in tem eu ron al connections. The presence in  a p a r ticu la r  path­
way o f very e f f i c i e n t  synapses (that i s  capable o f causing the 
p ost-syn ap tic  c e l l s  to  ’fir e »  or not to  f i r e  every time impulses 
arrive a t  the synapse) w i l l  generate a high lik e lih o o d  o f the 
response occurring. Thus in  th is  g ro ss ly  s im p lified  s itu a t io n ,  
the m od ification  o f synapses as a r e su lt  o f a s p e c if ic  input w i l l  
r e la te  a behavioural response to  a stim ulus in  such a way th a t on 
re-p resen tin g  the stim ulus the response w i l l  be evoked ( a l l  e ls e  
remaining eq u al). In th is  sense there has been ’lea rn in g ’, a t  
le a s t  as i t  ap p lies to siir^le animal task  or s k i l l  a c q u is it io n .
These synaptic m od ification s need not be of only one type; 
new synapses could be formed (synaptogenesis) or previous ones 
l o s t ,  or e ls e  d if fe r in g  degrees o f e f f ic ie n c y  could be achieved  
( f a c i l i t a t io n  or in h ib it io n ) . The biochem ical mechanism under­
ly in g  these events i s  not y e t reso lved , nor indeed need there be
only one kind. D ifferen t synapses may be m odified in  d if fe r e n t  
ways. The most l ik e ly  means are:
a) changed amounts or a c t iv i t i e s  o f the enzymes resp on sib le
fo r  neurotransm itter metabolism.
b) changed amounts or s e n s i t i v i t i e s  o f the neurotransm itter
recep tors.
c) changes in  the e f f ic ie n c y  cf neuro transm itter  r e le a s e .
d) changes in  the d istan ce  between the pre- and p o st-syn ap tic
membranes.
e) increase in  the s iz e  ( i . e .  'con tact area ') o f  the synapse.
f )  changed c h a r a c te r is t ic s  o f the response o f the p o st-sy n a p tic
c e l l  in  i t s  conversion cf the chemical message (tran sm itter)  
in to  an actio n  p o te n t ia l.
A ll cf the p o ss ib le  mechanisms fo r  modifying the a c tio n  o f  
the synapse in volve  p r o te in s , most of them probably a lte r a t io n s  
in  protein  syn th esis  or breakdown.
The d u ra b ility  of memory (th at i s ,  the so -c a lled  long-term  
memory) makes i t  l ik e ly  th a t permanent changes in  the structure  
of brain c e l l s  are required to  encode i t ,  and th is  has focussed  
research a tten tio n  on to p ro te in  metabolism, fo r  p r o te in s , w ith  
th e ir  long h a l f - l iv e s  ( i . e .  s t a b i l i t y ) ,  known s p e c i f ic i t y  and 
involvement w ith most c e l lu la r  processes appear as th e most l ik e ly  
candidates fo r  e f fe c t in g  c e l lu la r  m od ifica tion s. (Polysaccharides  
and l ip id s  could a lso  be involved , but v e iy  l i t t l e  a tte n tio n  has 
been paid to them in  th is  r e s p e c t .)  Further weight has been 
added to  th is  view by stu d ies on memory form ation and r e c a l l  in  
animals in jec ted  w ith  drugs which in h ib it  RNA and p ro te in  sy n th esis  
These substances seem to prevent the storage of long-term  memories 
but do not a f f e c t  short-term  r e c a l l  (see fo r  exanple COHEN and
uBARONDES, 1968; SQUIRE e t  a l ,  1973; AGRANOFF, 1965, 1967 and 
UPHOUSE et. a l ,  ^9^h fo r  rev iew ). However th e ir  mode o f action  i s  
le s s  c lea r -c u t than was o r ig in a lly  thought because subsequent 
in je c t io n s  o f sa lin e  or e le c t r ic a l  stim u lation  can sometimes 
reverse the apparent memory lo s s  (BARONDES and COHEN, 1968;
FLEXNER and FLEXNER, 1967 and 1970).
The in i t ia l  o b jec tiv e s  o f neurochemical research in to  
behaviour phenomena have been, and are, to d efin e  the q u a li­
ta t iv e  and q u a n tita tiv e  changes which occur in  metabolism, 
p a r tic u la r ly  th a t o f the n u cle ic  ac id s and p ro te in s , in  response  
to  environmental stim u lation  and inform ation sto ra g e . There i s  
a large l i t e r a tu r e  a v a ila b le  on the experiments o f th is  type, 
but only a few  w i l l  be d iscu ssed  in  d e t a i l  here to  exem plify  
some of the problems which can a r ise  in  both th e ir  design  and 
execution, and in  the in te ip r e ta t io n  o f th e ir  r e s u lt s .
Experiments w ith  gross ex p e r ie n tia l e f f e c t s  ( e .g .  'impo­
verish ed ' versus 'enriched' environments; f i r s t  exposure to  
l ig h t )  have shown th a t large biochem ical and stru ctu ra l d i f f e ­
rences can be produced in  the brain, and p a r tic u la r ly  the cortex , 
of anim als exposed to such treatm ents. The d en sity  and number of 
d en d ritic  sp ines, in  other words p o ten tia l synaptic co n ta c ts , i s  
decreased by v is u a l deprivation  or d e a ffe r entatio n  (FIFKOVA, 1970a) 
and increased  or m odified by i n i t i a l  v isu a l experience (FIFKOV/, 
1970bj GRAGG, 1969a,b ). P rotein  metabolism (measured as in cor­
poration  of rad io a ctiv e  amino a c id ) in  r e t in a , la t e r a l  g en icu la te  
nucleus and v isu a l cortex  i s  a ltered  (in creased) a f te r  a short 
period o f  f i r s t  exposure o f dark-reared r a ts  to  l ig h t  (ROSE,
1967; RICHARDSON and ROSE, 1972), th is  apparently being lo c a lis e d
in  neurons (ROSE e t  a l ,  1973) « Rearing r a ts  in  environments which 
are enriched by 'toys* and handling r e su lts  in  increased  s iz e  of  
the co rtex  and p o ss ib ly  of d en d ritic  branching as compared to  
'im poverished' environments (ROSENZVJEIG e t  a l ,  1968, 1969).
R esults such as th ese  in d icated  th at changes of the so r ts  postu­
la ted  to  occur during learn ing d id  in  fa c t  e x is t ;  the goa l of 
fin d in g  such changes a fte r  mich sm aller experiences such as ta sk -  
learn ing has not y e t  been reached.
One o f the major problems of try in g  to d e te c t  changes in  
metabolism during learn ing  i s  th at such changes, i f  they do e x is t ,  
are l ik e ly  to  be very smal], and so, in  general, i t  i s  not 
p o ss ib le  to measure the in crease  or decrease of absolute amounts 
of substances in  the t i s s u e .  As a consequence, the technique 
o f in je c t in g  r a d io iso to p ic a lly - la b e lle d  precursors o f  the substan­
ces has been used, the amounts o f th ese  incorporated being re la ted  
to  the ra te  o f syn th esis  o f the substance. For example to study  
RNA metabolism, rad io a ctiv e  u r id in e , o ro tic  ac id  or u r a c il  can be 
in jec te d , a l l  o f these being incorporated m ostly in to  RNA (a fte r  
the necessary biochem ical conversions) .  Although very t in y  quan­
t i t i e s  o f the precursor have to  be used, so as not to  d istu rb  the  
system by s ig n if ic a n t  in crea ses  in  the precursor le v e l s ,  and hence 
only very  sm all amounts o f r a d io a c t iv ity  are incorporated, the  
a v a ila b i l i ty  o f very s e n s it iv e  ra d ia tio n  monitoring equipment makes 
the measurement of the ex ten t of incorporation  very  sirrçile. There 
are, however, serious drawbacks to  th is  method, p a r tic u la r ly  fo r  
use in  try in g  to  measure n e t syn th esis  o f macromolecules, v i z . ,  
the ra te  o f incorporation  of the precursor in to  the macromolecule 
is_ a ffec ted  by many other parameters than ju s t  th a t of sy n th es is  (OJA,
1973)' Figure 1 shows the in ter r e la t io n sh ip s  -between precursor le v e l s  in
6various m etabolic compartments a fte r  an in tra p er ito n ea l in je c t io n  
(derived from th a t o f OJA, 196?). Because of ihe d i f f i c u l t y  o f  
measuring the various input aid output parameters of the compart­
ments, i t  i s  gen era lly  assumed th at the only A cto rs  in flu en c in g  
the incorporation  rate  of the precursor in to  brain macromolecules 
are those shown in  Fig 2 (again from OJA, 196?). For th is  reason  
the only usual measurements made are o f free  and incoiporated  
r a d io a c tiv ity  in  the brain and e ith e r  in  blood or l i v e r . I f  the  
e f f e c t s  of environmental stim u lation  were p a r tly  to cause changes 
in  the ra tes  o f  metabolism (that i s  conversion o f the precursor  
to  other substances than the macromolecule in  question) th is  
would ser io u s ly  a f fe c t  the v a l id i ty  o f  the r e s u lt s ,  m en pos­
s ib le ,  to  minimize th is  e f f e c t ,  a precursor i s  chosen which can 
be shown, in  the restin g  animal, not to be appreciably m etabolised  
other than in  the required way.
To fu rther com plicate the issu e  there are other fa c to r s  
present which make i t  d i f f i c u l t  to r e la te  the precursor in co r­
poration  measured to  the rate o f net sy n th es is :-
a) The sp e c if ic  r a d io a c tiv ity  o f the precursor pool in  
the compartment w ithin which syn th esis  i s  occurring (and th is  
may be a su b -ce llu la r  compartment, bearing l i t t l e  s im ila r ity  to  
the whole c e l l  or whole t is s u e  w ith resp ect to the precursor) 
w il l  d ir e c t ly  a f f e c t  the apparent ra te  o f precursor incorp oration . 
The s p e c if ic  a c t iv i ty  i s  e s s e n t ia l ly  a measure o f the r a tio  o f  
la b e lle d  to un labelled  precursor m olecules in  the pool and thus, 
even i f  the ra te  o f sy n th esis  and degradation of the macromolecule 
remains constant, i f  the precursor s p e c if ic  a c t iv i t y  i s  h igher  
in  one animal than another there w i l l  be a higher ra te  o f in co r ­
poration o f ra d io a ctiv e  precursor in  the former than the la t t e r .  
Thus, id e a lly , the s p e c if ic  a c t iv i t y  of the precursor in  i t s  
relevan t pool ought to be measured in  a l l  such experiments ; in  
p ractice  t i i s  i s  o ften  d i f f i c u l t  bo achieve.
b) Even when the p oo l s p e c if ic  a c t iv i t y  remains constant, 
i f  both the sy n th es is  and degradation ra te s  in crease  there w i l l  
be a higher 'throughput* o f  precursor in to  macromolecules, th at  
i s  the proportion o f new macromolecules synth esised  a fte r  the  
in trod uction  o f the la b e lle d  precursor w i l l  be increased  gnd 
hence a higher in co ip ora tion  r a te , which in  th is  case does not  
equate w ith increased  n et sy n th es is . Indeed there may be a n et  
degradation and higher in co ip ora tion .
c) A problem w ith the use o f  ra d io iso to p e -la b e lled  b io ­
chem icals, which was only recognised r ecen tly , i s  the lo s s  of 
tr itiu m  atoms from the precursor in to  water (and to  a le s s e r  
extent other amino a c id s ) . A fter a Ihr ^H -lysine p u lse  in  the  
ra t, kO% o f the unincorporated r a d io a c tiv ity  was p resen t as H^pO 
(TIPLADY, 1972) and 67% was as from & -le u c in e  (SCHOTMAN e t  
a l ,  197ii). Sim ilar e f fe c t s  were seen in  the mouse (BANKER and 
COTMAN, 19715 DUNN e t  a l ,  1971 ) * The use o f  ^ - la b e lle d  precur­
sors are in  general more r e lia b le  fo r  many s tu d ie s , although th e ir  
sp e c if ic  a c t iv ity  i s  lower, and th e ir  co st h igh er.
In many o f  the experiments to be d iscussed  th ese  problems 
w i l l  be taken in to  account when in terp re tin g  the r e s u lt s  obtained.
Almost as many d if fe r e n t  learn ing s itu a t io n s  have been used  
fo r  neuro chemical s tu d ies  as there have been groups studying them. 
Hyd&i e t  a l  have examined the changes in  both RNA and p ro te in  
metabolism in  response to learn ing s itu a t io n s . In a task  
where r a ts  have to  l e  am  to  use th e ir  non-preferred paw to reach
fo r  food down a narrow tube, there were in creases in  RNA content 
in  the neurones (hand-dissected) o f the cortex o f the hemisphere 
c o n tra la tera l to  the paw used. S im ilar changes were a lso  found 
in  D eiters c e l l s  (involved in  balance con tro l) when ra ts  had to 
le  am  to climb a wire to reach food . Mhen the animals learn ing  
paw tra n sfer  were s t i l l  learning the task there was an in crease  in  
DNA-like RNA (speculated to  be messenger RNA) whereas once th ey  
had learned the task  i t  was of ribosomal type (by base r a t io )
(HYDEN and EGYHAZI, 1962, 1963, 1962:; HYDEN and LANGE, 1965).
Base r a tio  changes were a lso  found in  g l ia .  Using a swimming 
task in  g o ld fish  in  which they had to  le a m  to  compensate fo r  a 
polystyrene *f lo a t ' ,  SHASHOUA (1968, 1970) found very  sim ila r  
r e s u lt s , although h is  task  was p h y s ic a lly  more strenuous in  th at 
the f i s h  could not co n tro l th e ir  own rate  o f tr a in in g . Both o f  
these s tu d ies  were measurements o f  absolute amounts of RNA and 
i t s  com position and did not depend upon la b e lle d  precursor in co r ­
poration . They are th erefore fr e e  from some problems o f in t e r ­
p reta tion , those re la ted  to the biochem ical a n a ly s is , but n ot 
those re la ted  to the s p e c i f ic i t y  o f the e f f e c t s  w ith  resp ect to  
lea rn in g . Hyden's choice o f brain region  (sensori-m otor corj^ex) has 
been c r i t ic i s e d  on the grounds th at i t  i s  necessary  fo r  co n tro l 
o f the forelim b, and hence s id e -e f fe c t s  due to novel motor a c t i ­
v i t y  cannot be ruled out (see BATESON, 1970). (These problems 
w i l l  be d iscu ssed  fo r  a l l  the various types of experiments la t e r  
in  th is  ch ap ter .)
In a la te r  s e r ie s  o f experiments Hyden e t  a l  examined the
response of p ro te in  metabolism to the a c q u is it io n  o f tra n sfer
3of handedness. By in jec tin g  H -leucine in to  rats tra ined  fo r
i;, 6 or 8 days they found th a t there were d ifferen ces  between the 
trained and con tro l animals in both the degree of incorporation  
in to  t o t a l  p rotein  and i t s  anatomical d is tr ib u tio n . A fter b days' 
tra in in g  there was a high tra in ed /co n tro l incorporation  r a tio  in  
hippocampus, dentate nucleus and mammillary bodies, and a low 
r a tio  in  cortex, r e t ic u la r  form ation and septum; a f te r  6 days 
th is  was e s s e n t ia l ly  reversed and a fter  8 days the on ly  d ifferen ce  
was a high r a tio  in  the thalamus. They a lso  found ihat the trained  
animals always had lower incorporation than the co n tro ls  (HÏDM 
and LANGE, 1972). This i s  su ggestive o f changes in  the whole 
body conditions a ffe c t in g  the d is tr ib u tio n  o f r a d io a c t iv ity  or 
i t s  s p e c if ic  a c t iv i t y .
In ad d ition  to th ese  changes in  H -leucine incorporation , 
there was an increase in  the amount of SI 00 p ro te in  (a brain-  
sp e c if ic  p ro te in  w e ll ch aracterised  by g e l  e]bcbrophoresis) in  
n u c le i from neurons in  the hippocanpus. This was la te r  found 
to  be due to the presence o f two forms of the m olecule, one w ith  
a higher calcium  content than the o th er . The presence o f a n t i­
sera to SI 00 impaired the a b i l i t y  o f the animals to  learn  the  
task  (HYDEN and LANGE, 1970). The high-calcium  form of SI 00 
may have been produced as a r e s u lt  of a s p e c if ic  calcium  in crease  
in  the brains o f trained animals; both before and a fte r  the 
learn ing of the task there was only low-calcium  S -100 presen t in  
the neuronal n u cle i (HALJAMAE and LANGE, 1972). Whether th ese  
changes in  p ro te in  metabolism are Æ rectly  r e la ted  to the ta sk -  
le a m in g 'p ro cess , and hence to memory storage has not been shown. 
The effects  o f S-100 a n tisera  could have been due to  d isru p tion  
o f necessary b asic  neuronal p rocesses, and not o f those s p e c i f i ­
c a l ly  involved w ith the learn ing of the p a r ticu la r  task .
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The TOrk of* Glassman and h is  co lleagu es has been focussed  
on the changes which occur in  RNA metabolism in  the mouse when i t  
i s  tra ined  to avoid an e le c tr ic  shock through i t s  f e e t  by jum­
ping to sa fe ty  on to a led g e . The mouse was warned about the im­
pending shock by a l ig h t  and buzzer. I t  was conpared w ith two 
types o f 'con tro l ' anim als, one which was in  a cage away from 
the 'jump-box' and another, a 'yoked' co n tro l, which received  
id e n t ic a l  l ig h t ,  buzzer and shocks to the trained animal but 
could not escape them. The RNA metabolism was measured by
incorporation  of u r id in e , the trained animal receiv in g  e ith e r  
lb 3
0- or H-uridine and the yoked control the other is o to p ic  form. 
In alm ost a l l  th e ir  experiments th is  group have used in tr a ­
cra n ia l in jec tio n s  to  d e liv e r  the precursor. This i s  qu estion­
able on two grounds: the f i r s t  i s  th at ih is in je c t io n  route  
requires anaesthesia  and i s  probably more l ik e ly  to  in te r fe r e  
with subsequent performance than, say, a subcutaneous or in tr a -  
p er ito n ea l route. The second i s  that the d is tr ib u tio n  o f the 
precursor throughout ihe brain may not fo llo w  that supplied  in  
the blôôd and so lo c a lis e d  s p e c if ic  a c t iv i t y  changes are more 
l ik e ly  to  occur. I t  does have the advantage o f producing higher 
r a d io a c tiv ity  w ith in  the brain because i t  avoids both lo s s  in to  
other t is s u e s  and 'blood/brain b a rr ier ' e f f e c t s .
In tra ined  mice there was enhanced incorporation  o f u r id in e  
in to  RNA in  the diencephalon, a r e s u lt  Confirmed by autoradio­
graphy, but which la s te d  l e s s  than 30 minutes a f te r  tra in in g . A 
s im ila r  in crease  was found in  the r a d io a c tiv ity  in  the polysome 
fr a c tio n  of the trained animals, w ith the e f f e c t  being s t i l l  
present 60 minutes a f te r  tra in in g  (ZEMP e t  a l ,  1966 and 1967;
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KIAHAN e t  a l ,  197Û5 ADAIR e t  a l ,  1968a). In a c la s s ic a l  condition ing  
experiment no such d iffe re n c e s  in  RNA metabolism were found (ADAIR 
e t  a l ,  1968b), the discrepancy being explained as due to  over­
tra in in g  in  the e a r lie r  jump-box experiuBnts. However th is  group 
a lso  claimed th a t w hile there was e leva ted  u rid in e incorporation  
in to  trained mice there was no d ifferen ce  between yoked co n tro ls , 
q u iet con tro ls  and random-shocked co n tro ls , thus apparently  
showing th a t the lig h t/b u zzer/sh ock  stim u li had no e f f e c t  on the 
brain RNA metabolism. This an a lysis  was shown to  1e in co rrec t by 
BATESON (1970), namely th a t there was a d ifferen ce  between the 
r a t io  of tra ined  : q u iet and trained : yoke. Although the Armer 
was greater than the la t t e r  there was a s ig n if ic a n t  in crease  in  
incorporation in  the yoked contro ls as a r e s u lt  of th e ir  treatm ent. 
They have s in ce  measured urid ine incorporation  during e x tin c tio n  
of the learned juip-box behaviour and found a s im ila r  in crea se  in  
the trained animals versus naive c o n tr o ls . Because the s t r e s s  i s  
assumed to be Jess in  the ex tin c tio n  experiment than in  the le a r ­
ning one they have proposed th at the changes found in  RNA meta­
bolism  were due e s s e n t ia l ly  to  learn ing  (COLEMAN e t  a l , 1971).
In the l ig h t  o f th e ir  la te r  experiments in  which in creases in  the  
phosphorylation o f nuclear p roteins was found a f t e r  a 'reminding» 
ex erc ise  (th a t i s  the p rev io u sly -tra in ed  animal was placed in  the 
experim ental s itu a t io n  but not given  any s t im u li) , th is  in ter p r e ­
ta t io n  i s  s t i l l  open to  question  (MACHLTJS e t  a l ,  197b). As a 
measure of s tr e s s  in  such experiments as these i t  would be in t e ­
restin g  to  know i f  there are changes in  c o r t ico s te ro id  l e v e l s ,  
which are increased  by s tr e s s  and can in flu en ce the ra te  o f pro­
te in  and RNA metabolism (JAKGUBEK e t  a l ,  1970, 1972), although  
COLEMAN e t  a l  (1972) have shown th at the absence o f adrenal and
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p itu ita r y  hormones are not necessary fo r  the increased  incorporation  
of u rid ine in  r a ts . An in te r e s t in g  sex  d ifferen ce  was found in  
mice in  th at the normal fem ales learned the task  but showed no 
c lea r  in crease  in  incorporation , whereas the ovariectom ised  
fem ales responded e x a c tly  l ik e  m ales.
To avoid some of the behavioural and biochem ical problems 
inherent in  mammalian learn ing stu d ies  some groups have used the 
sim pler inverteb rate  system s, fo r  example headless cockroach, 
sn a il and A plysia . Headless cockroach préparatio is  can be 
trained to keep th e ir  le g s  above a sa lin e  bath by passing  an 
e le c t r ic  current through the bath so th at each time the le g  i s  
lowered i t  rece iv es  a shock (HORRIDGE, 1962). A co n tro l can be 
yoked to  the trained  in se c t  so th at both rece iv e  the same number 
of shocks. Using th is  system KEHKUT e t  a l  (1970) showed th a t there  
was increased  in co ip oration  o f precursors in to  RNA and p ro te in  
in  the abdominal ganglion . They have a lso  found d ecreases in  the  
s p e c if ic  a c t iv ity  o f a cety lch o lin estera se  and glutamate decarboxy­
la se  in  the m etathoracic gan glia  o f the trained  in s e c t  (OLIVER e t  
a l, 1971). There does not appear to  be a c lo se  r e la t io n sh ip  
however between the incorporation  stu d ies and the enzyme a c t iv i ­
t i e s .  %n the s n a il ,  which was taught to  keep i t s
te n ta c le s  retracted , there was increased  incorporation o f  u rid ine  
in to  RNA and leu c in e  in to  p ro te in  in  the brain of the tra ined  
animal as compared to  i t s  yoked and q u iet con tro l, and in  the yoked 
con tro l than in  the q u iet c o n tr o l. There a lso  appeared to  be 
s e le c t iv e  high incorporation in to  cer ta in  protein  fr a c t io n s , as
produced by g e l e lec tro p h o res is , in  the tra ined  animals (EMSON 
Xirv to  CocVcro«kc1~i
e t  a l ,  1971 ) • occurring over approximately the same time period
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there was an in crea se  in  the a c t iv i t y  o f a c e ty lch o lin estera se , in  
both trained (60^) and yoked con tro l (hO%), The disappearance o f  
th is  increased a c t iv i t y  p a r a lle lle d  the lo s s  o f the learned  
behaviour. These experiments are u se fu l because the neurones of 
sn a il brain have been p a r t ia l ly  characterised  as to  th e ir  r e c e n ­
ses (d ep o larisa tion  or hyperpolarisation) to  ACh and te n ta tiv e  
conclusions can be drawn as to  the re la tio n sh ip  between the b io­
chemical and behavioural events (KERKUT e t  a l ,  1973).
A category o f experiments which d if fe r s  r a d ic a lly  from those  
discussed  so fa r  i s  involved  w ith the search fo r  s p e c if ic  'memory 
m olecu les', th at i s  substances which are capable o f e l i c i t in g  
s p e c if ic  behaviour pattern s and which are produced s e le c t iv e ly  as 
a r e s u lt  of an anim al’s exposure to  a p a rticu la r  s itu a t io n . The 
major proponent of such an approach (which has waned in  favour  
sharply over the past few years) i s  IJngar. Rats were tra ined  by 
e le c tr ic  shock to avoid the dark part of a cage and remain in  the 
l ig h t  p art. E xtracts from the brains o f such trained  animals were 
in jec te d  in to  untrained animals and th e ir  subsequent behaviour 
te s te d . The in jec ted  animals spent s ig n if ic a n t ly  more time in  the 
l ig h t  than the dark sid e  of the cage, as conpared w ith co n tro ls  
which were in jec ted  w ith an ex tra ct from an untrained r a t . The 
a ctiv e  component o f the ex tra ct was analysed and found to. be 
a polypeptide o f 15 amino acid  res id u es . Synthesis o f th is  sub­
stance (ca lled  by Ungar ' scotophobin')  showed th a t i t  had the 
expected e f f e c t s  on behaviour. (MGAR e t  a l , 1968; UNGAR e t  a l ,  
1972). Ungar sees the a ction  o f  such substances as 'sw itch es' 
which operate s p e c if ic  pathways through the ONS, hence using the 
known co n n ectiv ity  o f the brain but deciding among the myriad
p o ss ib le  networks by chemical means. However sev era l ser iou s  
c r it ic ism s  have been made, both of tie  biochem ical aspects  
(STEWART, 1972) and of h is  behavioural techniques and measures 
(GOLDSTEIN, 1973). The la t t e r  i s  the most damaging because i t  
p o in ts  out th a t, ir r e sp e c t iv e  o f errors in  the biochem ical analy­
s i s ,  the measures o f dark-avoidance are as w e ll re la ted  to  
increased  motor a c t iv i ty  and that there i s  an inherent high  
degree of s tr e s s  in  the tra in in g  procedure fo r  which no con tro l 
a t a l l  i s  u sed . This, coupled with a s ig n if ic a n t  ra te  o f  fa i lu r e  
to  reproduce these r e s u lt s  in  other lab o ra to r ies  c a sts  large 
doubts as to the v a l id i ty  of th is  r e s u lt .
The problem of con tro ls fo r  n o n -sp ec if ic  (th a t i s  other 
than learn in g ) e f f e c t s  in  the tra in in g  procedures in  Ungar's 
work, r a ise s  the more general question o f the p o s s ib i l i t y  o f 
compensating fo r  such e f fe c t s  in  any learn ing  s itu a t io n . The 
yoked con tro l, as used by Glassman and Kerkut seems to  be an 
e x ce lle n t way o f equ alisin g  stim u lation  and s tr e s s  e f f e c t s .  
However, as pointed out by BATESON (1970), the animals need 
repeated handling to  return them to the f lo o r  of the jump-box, 
and although the yoked animals are a lso  handled the r e la t iv e  
degrees of s tr e s s  in  th is  may not be equal. Even in  r e la t iv e ly  
s tr e s s - fr e e  s itu a t io n s , behaviour d ifferen ces  w i l l  au tom atically  
be produced between trained and yoked animals i f  the stim ulus 
a cts  in  a re in forcin g  fash ion  (CHURCH, 196b and BATESON, 1970). 
S im ilarly , i f  in  a tra in in g  programme animals are tra ined  to  a 
c r ite r io n  w ithin a sp ec if ied  time and r e te s te d , r e je c t io n  o f  
animals which respond inadequately on r e t e s t  may introduce  
system atic errors. The fa ilu r e  to respond may be due to low
a tten tio n  or a c t iv i t y  which are o ften  not id e n t if ia b le  as such. 
Thus there would be no c r ite r io n  fo r  r e je c t io n  o f lo w -a c t iv ity  
animals in  the co n tro l group but ihe p o s s ib i l i t y  o f r e je c t in g  
them in  the trained group. Thus behavioural d ifferen ces  may be 
introduced in to  the r e s u lt s .  I f  there were a co rre la tio n  between 
motor a c t iv i t y  and the biochem ical measure then a d ifferen ce  
between the groups in  terms o f biochem ical e f fe c t s  would a lso  be 
created (for  such e f f e c t s  see , fo r  example, TIPLADY, 1972).
A more rigorous co n tro l procedure i s  to  use the trained  
animal as i t s  own co n tr o l. One s id e  o f the brain i s  trained and 
the other s id e  i s  not, and the e f f e c t s  of the tra in in g  conpared 
w ith in  the one animal. This approach was used by Ityden (see  
e a r l ie r ) ,  and METZGER e t  a l ,  (1967) and HORN e t  a l  (1973). Theo­
r e t ic a l ly  th is  process ought to eq u a lise  such e f f e c t s  as precursor  
supply and hormonal in flu en ces , but in  p ra ctice  i t  has been shown 
th a t d i f f e r e n t ia l  blood flow  can occur between the trained and 
untrained hemispheres (BONDY, 197b) which could r e s u lt  in  an 
in e q u a lity  in  the d is tr ib u tio n  o f  sm all m olecu les. Hence the 
observed biochem ical change w i l l  be due to a combination o f  
s p e c if ic  and n o n -sp ec ific  e f f e c t s .
Viewed o v e r a ll , the r e s u lt s  o f the la rg e  number o f  experi­
ments in to  the biochem ical changes idiich occur during or a fte r  an 
animal i s  trained to  perform a novel ta sk  suggest th a t sp e c if ic  
changes in  macromolecular metabolism do occur more as a conse­
quence of the tra in in g  than n o n -sp ec if ic  s id e  e f f e c t s .  However, 
as has been pointed out, a l l  th ese  experiments su ffer  from ambi­
g u it ie s ,  some o f which are a r e s u lt  o f the biochem ical techniques  
and some of the tra in in g  d esign . I t  may be th at no adequate
con tro l can be developed fo r  such s itu a t io n s , and th a t the e le ­
ments of arousal or s tr e s s  are necessary preconditions fo r  
lea rn in g . Indeed the 'control* animals them selves are probably 
'learn in g ' to  some degree, e ith e r  by su p erstitio n  (HEHRNSTEIN, 
1966) or by a sso c ia tin g  the c h a r a c te r is t ic s  o f the treatm ent 
s itu a t io n  with noxious s tim u li. I t  i s  probably only by the use 
of a v a r ie ty  of d if fe r e n t  tra in in g  s itu a tio n s  and co n tro ls  th at 
such problems can be circumvented.
So fa r  there has been no d iscu ssio n  of the s e r ie s  of 
experiments performed by Rose, Bateson and Horn on the responses  
o f brain metabolism o f the young chick to  in p rin tin g  s t im u li. As 
th ese  experiments r e la te  very c lo s e ly  to  those to be described in  
la te r  chapters (I I I  to V III), they have been om itted and are 
described in  some d e ta i l  in  the next chapter.
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CHAPTER I I
One o f the problems met with in  most neurochemical stu d ies  
of behaviour change i s  th a t the tra in in g  s itu a t io n  i s  only one of 
a large number of learn ing s itu a tio n s  which the animal has 
encountered (although in  some cases^ fo r  most laboratory animals^ 
th ey  w i l l  c e r ta in ly  be the most s tr e s s f u l)  and hence large  a l t e ­
ra tio n s in  brain  metabolism are not expected. Indeed many of 
those found so fa r  are su rp r isin g ly  la r g e . In an attempt to  
maximise such changes^ Bateson, Rose and Horn have su c c e ss fu lly  
perfoimed experiments using young ch icks in  a s itu a t io n  in  which 
they rap id ly  acquire a preference fo r  a stim ulus w ithout the 
need fo r  e ith e r  overt reward or punishment. This type o f  le a r ­
ning in  the young bird i s  c a lle d  'im p rin tin g ', and has been 
in te n s iv e ly  stud ied  fo r  many years, although system atic lab o­
ratory  experiments are r e la t iv e ly  recen t (for  review s see 
BATESON, 1966, 1972; SLUCKIN, 1972; SMITH, 1969).
"When birds are exposed, w ith in  a few days of hatch ing, to  
a conspicuous v isu a l stim ulus, th ey  begin to  le a m  i t s  charac­
t e r i s t i c s  and to  l im it  th e ir  preferences to i t .  This i s  such 
th at i f  they are removed from the object they w i l l  a c t iv e ly  
work to  f in d  or approach i t  and w i l l  avoid other ob jects  even i f  
they are r e la t iv e ly  s im ila r . This phenomenon was f i r s t  stud ied  
in  d e t a i l  and defined  by LORENZ (1935) although i t  had been 
recognised much e a r l ie r  (SPALDING, 1873). Lorenz noted th at 
such learn ing was most marked very  early  a f te r  hatching, and c a lle d  
the time over which im printing occurred the 'c r i t i c a l  period ' 
because he thought th a t i f  no im printing occurred during th is
time, i t  could not subsequently occur. I t  was la te r  shown to  be 
le s s  p r e c ise  than th is  and has been renamed the 's e n s it iv e  p er iod ' 
(BATESON, 1966) .  In th is  resp ect i t  i s  s im ila r  to other periods 
of development when the propensity  to le a m  new behaviour p a ttem s  
i s  high (see THORPE, 1956 and 1961). The types of s tim u li used 
have been very varied , including coloured cubes, f l ic k e r in g  
l ig h t s ,  ro ta tin g  d is c s  and model hens (LORENZ, 1935; FABRICIHS,
1951 j HESS, 1959; JAMES, I960; BATESON, 1961|.). Some appear to  
be b e tter  than others in  e l i c i t in g  iirprinted behaviour, there  
being colour preferences fo r  the red end o f the v isu a l spectrum 
(JAYNES, 1956; SCHAEFFER and HESS, 1959), fo r  s iz e  (FABRICIBS and 
BOYD, 195^; SMITH and HOYES, 1961) and fo r  the d irectio n  o f move­
ment (MOLTZ, 1963). These v a r ia tio n s and d iscrepan cies between 
them could be due to  gen etic  d ifferen ces , rearing cond ition s or 
the exposure s itu a t io n s  (see fo r  example, GRAVES and SIEGEL,
197ii). In general, however, i t  would seem th at the more conspi­
cuous the stimulus to  the human eye the b e tter  i t  w i l l  be as an 
im printing stim ulus.
The degree to which a bird has imprinted on a stim ulus i s  
b est te s ted , as in  any v is u a l d iscrim in ation  learn ing study, by 
presenting the bird with the choice between the imprinted stim u­
lu s and another equally  e f f e c t iv e  o b jec t. A d i f f ic u l t y  w ith such 
a t e s t  i s  th at the birds approach to the f ir s t - s e le c t e d  stim ulus 
may be s e lf -r e in fo r c in g  because i t  takes i t  away from the non­
chosen stim ulus which may th erefore become l e s s  e f f e c t iv e .  Thus 
i t  i s  p referab le i f  the e ffe c t iv e n e ss  o f th e  chosen stim ulus 
decreases as the bird approaches i t .  This can be done e ith e r  by 
decreasing the conspicuousness o f the stim ulus on approach or by
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causing the bird to  recede fu rth er  from the chosen stim ulus the 
more i t  t r ie s  to  reach i t  (see  BATESON ard WAINWRIGHT, 1972).
There appears to  be an approximate c o rre la tio n  between the 
c h a r a c ter is t ic s  o f im printing and the type of bird in  which i t  
i s  observed, which may account fo r  some of the v a r ia b il i ty  in  the 
r e su lts  which have been obtained. In the w ild  s ta te  iirprinting  
has obvious u se fu ln ess in  keeping the young b irds c lo se  to the 
p ro tection  o f th e ir  mother. This i s  e sp e c ia lly  necessary fo r  
sp ecies  in  which the young can lea v e  the n e s t  w ith in  a few  hours 
a fte r  hatching, e .g .  Mallard (Anas platyrhynchos L .) and domestic 
chicks (G allus dom estieu s) .  The m ajority of work on im printing  
has been performed on such b ir d s . Chicks seem to  learn  s u f f ici*- 
s^^ly d e ta iled  c h a r a c te r is t ic s  o f ob jects around them th a t they  
cannot only id e n t ify  th e ir  mother but a lso  in d iv id u a l s ib l in g s .  
This la t t e r  i s  evidenced by the development o f  Specking—orders*. 
There are also e f f e c t s  of im printing on la te r  sexual behaviour, 
but th ese are much more s p e c ie s -s p e c if ic  than the f i l i a l  respon­
se s . In dimoiphic sp e c ie s , where the adult male and fem ales are 
v is u a lly  d is t in c t ,  im printing in  the male i s  much more l ik e l y  to  
in flu en ce mate s e le c t io n  than in  the femal^ whereas in  mono- 
morphic sp ecies  both sexes are o ften  a ffec ted  in  sexual behaviour 
by p rior  experience. In p a r a s it ic  sp ec ie s , l ik e  the cuckoo, 
u ip rin tin g  on the 'p a ren ts’ i s  c le a r ly  of no relevance to mate 
s e le c t io n . However severa l fa c to r s  other than in p rin tin g  are  
probably involved in  mate s e le c t io n , such as s p e c if ic  hormone- 
induced behaviours (ANDREW, ^96k) and learn ing around the time 
of sexual m aturity (SIEGEL and SIEGEL, 1961;). In general sexu al 
behaviour seems to be influenced  by inp rin tin g  only in  so fa r  as
i t  crea tes  preferences rather than exclu sive  choices (SGHEIN, 1963) 
although there are notable exceptions (e .g . SCHÜTZ, 1965).
The learn ing process which u n d erlies  imprinted behaviour has 
been the subject o f much specu lation  and disagreem ent. Adopting 
the 'neuronal model» hypothesis of SOKOLOV (i960), SALZEN (196?) 
proposed th at the or ien ta tio n  of chicks to ihe iirprinted stim ulus 
and avoidance o f other ob jects  resu lted , from th e ir  - 'matching ' o f  
the c h a r a c te r is t ic s  of the imprinted and non-imprinted ob jects  
w ith a mental 'm odel'. Those objects which did not match would 
be avoided. However such a model does not account fo r  the d i f f e ­
rence between o r ien ta tio n  and the subsequent response which can 
be approach or f le e in g . Nor does i t  exp la in  the f a c t  th a t b irds  
w i l l  a c t iv e ly  work fo r  novel aspects o f the stim ulus, which w i l l  
not match with the neuronal model.
BATESON (19715 1972) has adopted an 'exposure' model in  
which the bird can i n i t i a l l y  respond to a range o f s t im u li, but 
that i t s  preferences are in crea s in g ly  r e s tr ic te d . Once s e le c t io n  
of an appropriate stim ulus i s  made i t  a c ts  as a consummatory 
stim ulus to prevent searching and in i t ia t e  im printing. In th is  
resp ect i t  d if fe r s  from c la s s ic a l  a s so c ia t iv e  learn ing where 
pairing of s ig n if ic a n t  and in s ig n if ic a n t  stim u li i s  made (a t  
le a s t  in  the laboratory s itu a tio n , in  the w ild  s ta te  th is  may 
w ell not hold tru e), although as he p o in ts out, ihe absence o f  
such p airin g  may only be due to our lack  of id e n t if ic a t io n  o f i t .  
This approach has been c r i t ic i s e d  by DIMOND (1970) on the grounds 
that i f  the stim ulus does act as a consummatory stim ulus i t  
should re in fo rce  the preceding behaviour ( i . e .  searching) rather  
than the subsequent behaviour ( i . e .  im p rin tin g). I t  i s ,  however, 
only one exan^le in  the large number of learned behaviours which
occur w ith no obvious involvement o f punishment or reward which 
in  general have been l i t t l e  explored.
In a s e r ie s  of experim ents, Bateson, Horn and Rose have in v e s ­
tig a ted  the biochem ical responses in  the chick brain during the 
a cq u is itio n  of imprinted behaviour. The apparatus in  which the 
ch icks were exposed to the stim ulus or to the 'co n tro l' environ- 
ments and subsequently te s te d  as shown in  F ig s. I 7 and 18 (Chapter V). 
B r ie f ly , a l l  b irds were reared in  darkness u n t i l  approximately  
16 hours p ost-h atch . The stim ulus-exposed ( i . e .  im printed) 
birds were placed in  in d iv id u a l pens so th a t they could see the  
stim ulus (a f la sh in g , orange l ig h t )  but not approach i t ,  and a lso  
overhead, d if fu s e , pHain l i g h t .  One group of con tro l birds were 
placed in  id e n t ic a l  pens to  the iirq^rinted b irds but could only  
see the d if fu se  l ig h t  and another group were l e f t  in  the dark 
brooder. A fter the period o f treatment a l l  the b irds in  each 
group were te s te d  in  an a l le y ,  and then k i l le d .  Their brains 
were d issec ted  in to  three reg ion s, foreb rain  loof, forebrain  
base and midbrain. (This i s  shown sch em atica lly  in  Fig 3 . )
The cerebellum and hindbrain were discarded and the midbrain 
separated from the forebrain  by a cut ju s t  anterior to  the 
p o ster io r  commissure. This portion  th erefore  contained the 
in ta c t  optic te c ta  and the various n u c le i o f the mesencephalon.
The forebrain  was divided in to  an upper and lower p ortion  (roof 
and base) by a cut which ran from the an ter ior  t ip  to  the d orsa l 
p o ste r io r  r id g e . Thus the roof contained the hyperstriatum  
(including the Wulst) and most of the neostriatum , whereas the 
base contained the palaeostriatum  and the thalamus.
The f ir s t  study of changes in  metabolism during the 
im printing was done using H -lysine as the precursor fo r  p ro te in
(BATESON e t  a l ,  1969, 1972) .  The b irds were o f two typ es, 'ea r ly -  
hatchers' and ' la te  h a tch ers ', the former having hatched 6-9 hours 
before the midpoint o f the hatch and the la t t e r  6-9 hours a fte r  
the m idpoint. Consequently, although a l l  the b ird s were the same 
age with lesp ect to the hatch when exposed to th e ir  resp ec tiv e  
conditions they were not the same w ith  resp ect to  the o ise t o f  
incub ation . The order o f the treatm ents i s  shown in  F ig . U* The 
stim ulus-exposed and d if fu se  ligh t-exp osed  b irds were exposed to  
th e ir  treatm ents fo r  105 minutes and a l l  groups incorporated the  
la b e lle d  precursor fo r  90 m inutes, although th ese  were not con­
gruous, but overlapping. The ly s in e  incorporation  was higher in  
the forebrain  roof o f the stim ulus-exposed (ear ly -h a tch ers) birds 
than the same region in  the dark-maintained b ird s (ea r ly -h a tch ers). 
There was no d ifferen ce  in  any other region o f the early-hatchers  
or in  any brain region o f the la te« h a tch ers . The t e s t  o f the 
behaviour cf the birds showed th at both the stim ulus-exposed and 
d iffu se  ligh t-exp osed  early-hatchers approached the stim ulus 
fa s te r  than the dark-maintained b irds whereas in  the la te -h a tc h e rs  
the stim ulus-exposed b irds approached fa s te r  than both the oth er  
groups. This d ifferen ce  in  behaviour may have been re la ted  to  the 
d if fe r e n t developmental ages o f the e a r ly -  and la te -h a tc h e r s .
However there are problems in  the in ter p r e ta tio n  of th ese
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r e s u lt s .  As d iscu ssed  in Chapter I , the use of H -lab elled  
precursors prevents the a c id -so lu b le  r a d io a c t iv ity  being taken to  
d efin e  the pool s iz e ,  and so incorporation  e f f e c t s  due to  an 
in crease  in  the s p e c if ic  r a d io a c tiv ity  of the ly s in e  cannot be 
ruled ou t. The length  o f the pu lse (90 m inutes) was rather long  
fo r  t h is  precursor because i t  i s  so rap id ly  incorporated in to  
p rote in  (HAYWOOD e t  a l ,  1973; HAMBLEY e t  a l ,  197i|a), and the
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longer the pu lse  the greater  the lo s s  o f  tr itiu m  and p o ssib le  
metabolism o f the ly s in e . In sp ite  o f th is ,  as a prelim inary  
experiment i t  d id  in d ica te  th at there were d e tec ta b le , s p e c if ic  
changes in  p ro te in  metabolism occurring during the development o f  
i^pi’in ted  behaviour, which did not occur on f i r s t  exposure to  
p la in  l i g h t .
In the second study H—u r a c il  was used as the precursor fo r  
ENA because i t s  ra te  of incorporation was apparently lower than 
th at of ly s in e  in to  p ro te in , and so could be given in  a longer
p u lse . By use o f C -uracil and - ly s in e ,  from which tte r e  i s
minimal lo s s  of r a d io a c tiv ity , t h is  has proven to be so (HAYWOOD 
-  unpublished r e s u lt s )  although the c r it e r ia  used by Bateson e t  
a l  a t th a t time were not r e l ia b le  gu id es. Their measure o f the
extent of incorporation  was — ^  in so lu b le  dpm/mg p ro te in
acid  soluble dpm/mg p rote in
(dpm = d is in teg r a tio n s  per m inute) .  However the r a t io
dpm in  ly s in e  _ _  , ,
dpm in  water ^ have been, and probably was n ot, the same
as the r a tio  water  ^ other words the ra te  o f tr itiu m
lo s s  was d if fe r e n t in  the two precursors. Thus the true extent  
of precursor incorporation  in to  product would have been greater  
fo r  u r a c il  than fo r  ly s in e  i f  there had been a much h igher lo s s  
of tr itiu m  from the former than the la t t e r .
Bateson e t  a l  then performed two experiments using ^H -uracil 
as precursor. In the f i r s t ,  the treatm ent time o f a l l  three groups 
(stim ulus-exposed, d if fu se  ligh t-exp osed  and dark-maintained) was 
160 minutes w ith  a pu lse time o f 150 m inutes, th is  being w ith in  
the treatment period (ROSE e t  a l ,  1970; BATESON e t  a l ,  1972). The 
incorporations in  the forebrain  roof and base of the stim u lus- and 
d if fu se  ligh t-exp osed  b irds did not d i f f e r  from each other, but 
both were higher than in  the corresponding regions o f the dark-
maintained b ird s . In the midbrain the incorporation  was higher  
in  the stim ulus-exposed b irds than in  both the other groups. Thus 
a more widespread pattern  o f changes was found in  u r a c il  in co r ­
poration  than th at found fo r  ly s in e . Bateson e t  a l  in terp reted  
th is  as being due to n o n -sp ec ific  v is u a l stim u lation , p a r tic u la r ly  
in  the midbrain which conta in s the o p tic  tec ta  and which would be 
expected to respond to  f i r s t  exposure to l ig h t  (see  fo r  example 
th is  treatment in  the r a t, ROSE, 196?). Consequently they  
examined the e f f e c t s  on u r a c il  incorporation o f two d if fe r e n t tim es 
of exposure, both le s s  than 150 m inutes, and compared ih ese  r e s u lt s  
to  those in  b irds idiich had been dark-maintained fo r  the whole o f  
the incorporation  period (procedure shown sch em atica lly  in  Fig 5 
and the a c id -in so lu b le  s p e c if ic  r a d io a c t iv it ie s  in  Fig 6 ) .  The 
u r a c il  inc orporation was higher in  the forebrain  roof of the 
stim ulus-exposed birds than both the d if fu se  lig h t-ex p o sed  and 
dark-maintained b irds a f t e r  ?6 minutes o f exposure, but no d i f f e ­
rences were found between any regions of any other types o f b irds  
a t e ith e r  tim e. This seems to  f i t  in  w ith  the e a r lie r  hypothesis  
th a t an i n i t i a l  s p e c if ic  in crease  in  incorporation  due to s p e c if ic  
stim u lation  was follow ed by a general in crease  due to  n o n -sp ec if ic  
stim u la tion . These two experiments are open to  c r it ic ism  o f th e ir  
experim ental d esign . F ir s t ly ,  the 150-minute exposure time was 
not repeated in  the same experim ent. I t  i s  p o s s ib le , th erefo re , 
th a t the 150-minute r e s u lt s  may not have been the same as found 
in  the e a r lie r  experiment, e sp e c ia lly  as the behavioural and 
m etabolic a c t iv i t i e s  o f the birds vary from hatch to  hatch and 
season to  season . (This may be due to  incubation conditions and 
the genetic  stock  o f the birds -  see BATESON, ^97h)^ Secondly, 
the birds a g a in st which the exposed groups were compared were not
given the same amount o f handling, that i s  th ey  were not transferred  
to  -the same room as the ether b irds fo r  equivalent len g th s o f tim e. 
Thus there were no 38-  and 76-minute dark-maintained b ird s, only  
150-minute ones. I f ,  as w i l l  be seen la te r  fo r  RNA polymerase, 
the dark-maintained b irds were responsive to  such tra n sfer  hand- 
l in g , the a n a ly s is  o f the r e s u lt s  could have been a ltered , espe­
c ia l ly  as a l l  the r e s u lt s  were re la ted  to the mean incorporation  
of the dark-maintained groups. The d ifferen ce  between the two 
exposed groups in  the forebrain  roof a fte r  76 minutes i s  not 
a ffec ted  by th is  problem, nor i s  the in crease  in  incorporation  
between 38 and 76 minutes in  the stim ulus-exposed b ird s. Assuming 
th at the two experiments were comparable, the sequence o f changes 
in  u r a c il  incorporation  was, a r e g io n -sp e c if ic  increase (roof) in  
the stim ulus-exposed b irds as compared to the other two groups 
by 76 minutes which was maintained up to  1^0 minutes, accompanied 
a fte r  76 minutes by a sharp in crease  in  the same region o f the 
d if fu se  lig h t-ex p o sed  b ird s. No changes occurred before 76 minu­
te s  in  the other two reg ion s, but a fte r  th a t time, and up to  I60 
m inutes, there were rapid in crea ses  in  the foreb rain  base o f both 
exposed groups, and in  the midbrain a very la rg e  in crease  in  the 
stim ulus-exposed b ird s .
The qu estion  of whether the e le v a t io n  in  u r a c il  in cor­
poration  in  the stim ulus-exposed b irds a fte r  76 minutes was 
due to th e ir  a c q u is it io n  o f imprinted behaviour, and the la t e r  
e lev a tio n s  due to  n o n -sp ec if ic  v isu a l stim u lation , remained 
open. The sim ple exposure o f 16-hour post-h atch , dark-reared  
birds to a few minutes o f p la in  l ig h t  has been shown to modify 
( i . e .  enhance) th e ir  subsequent behaviour towards an im printing  
stimulus^j^ATESON and WAINWRIGHT, 1972; BATESON and
SEABÜENE-MA.Y, 1973), p o ss ib ly  by a c tiv a tin g  the p rev iou sly  
l i t t l e - u s e d  v is u a l system. Hence the d is t in c t io n  between s p e c if ic  
and n o n -sp ec ific  stim u lation  i s  an arb itrary  one, th a t i s  i t  i s  
defined  in  terms o f the inform ation content of the stim ulus w ith in  
the context of ihe experim ental design . The extent to  A ich  a b ird  
e x h ib its  imprinted bheaviour towards the stim ulus i s  the c r ite r io n  
by xhich i t s  degree o f learn in g  i s  a ssessed . The d if fu s e  l ig h t -  
exposed birds have had no p r io r  experience o f the stim ulus before  
te s t in g , and consequently have had no opportunity to learn  i t s  
c h a r a c te r is t ic s ;  they th erefore ex h ib it no preference fo r  i t .
Thus, w ith resp ect to the stim ulus, th e ir  treatment can be c a lle d  
*^^ “^sp e c if ic  stim u la tion . In fa c t ,  however, they are presumably 
learn ing other c h a r a c te r is t ic s , namely those of the apparatus in  
which they are exposed, and so are e s s e n t ia l ly  another category  
o f 'learn ing anim al' , rather than a 'co n tro l* . N evertheless, 
there i s  a q u a lita t iv e  d ifferen ce  between the two groups of 
b ird s, in  th at very  dramatic and lo n g -la s  tin g  changes in  behaviour 
are e l ic i t e d  in  the case of the stim ulus-exposed but not d if fu se  
ligh t-exp osed  b ird s, v iz .  those of the imprinted anim al.
The changes which were found in  precursor incorporation  
could have been accounted fo r  in  sev era l ways. D if fe r e n t ia l  
motor a c t iv ity  between the groups (which does occur to  a cer ta in  
extent during the exposure), s tr e s s  or hormone le v e ls  are known 
to a f fe c t  cerebral p ro te in  and ENA metabolism (JAKOUBEK, 1970 and 
1972; TIPLADY, 1972). However, Bateson e t  a l  suggested th a t i f  
the same b ird  could be used both as experim ental and control 
such e f f e c t s  should be elim inated . Other more s p e c if ic  c e l lu la r  
changes such as a ltered  rate of c e l l  development, e .g .  neuronal
or g l i a l  d if fé r e n t ia t io n , general synaptogenesis, would probably 
not be elim inated , although such events could be in tim ate ly  
involved in  the learn ing process in  th is  in sta n ce .
Information tran sfer  between the cerebral hemispheres has 
been observed in  Peking ducklings in  which only one eye was 
exposed to  the im printing stim ulus (MOLTZ and STETTNER, 1962), 
in  chicks tra ined  to  avoid  pecking objected  coated in  methyl 
anthran ila te  (GHERKIN, 1970)* Bateson had a lso  found th a t in te r -  
hemispheric tra n sfer  o f preference fo r  an im printing stim ulus 
occurred in  ch ick s. Moreover there was no d ifferen ce  between the 
hemispheres in  u r a c il  incorporation  a f te r  76 minutes ' exposure i n 
th is  type of b ird . In tact b ird s were th erefore  no use in  'in te r ­
n a l control* experim ents.
Experiments by Meier (MEIER and CUMOD, 1970) on v is u a l  
discrim ination  in  p igeons in  which the sujrco^ o^ vc had been
cut had shown th at interhem ispheric inform ation tran sfer  was 
minimal, so Horn e t  a l  (HORN e t  a l ,  1973) repeated the u r a c i l  
incorporation experiments using chicks in  which the 
had been c u t . The b irds were exposed to the stim ulus fo r  60 minu­
te s  in  four 15-minute periods w ith a 15-minute r e s t  period  in  
darkness between each exposure. E ither the 3eft or r ig h t eye was 
covered. The change from a continuous to a discontinuous expo­
sure procedure was adopted because th is  la t t e r  method had been 
found to  m aintain the b ird s' responsiveness b e tte r  over prolonged  
periods (BATESON -  unpublished d a ta ). The b irds taken fo r  b io ­
chemical a n a ly s is  were se lec ted  on the b asis  of showing no i l l -  
e f fe c t s  due to surgery and a preference fo r  the iitpirinted stim ulus 
when te s ted  w ith the exposed, but not the occluded, eye. Of 36 
birds i n i t i a l l y  exposed only 12 met these c r i t e r ia ,  although no
data i s  g iven  as to the predominant reason fo r  r e je c tio n . A fter  
comparing the u r a c il  incorporation in to  presumed RNA between the 
trained and untrained s id e s  o f the three brain regions (forebrain  
roof and base, and midbrain) in  each bird the only  s ig n if ic a n t  
d ifferen ce  was a e lev a tio n  in  the forebrain  roof o f the
trained s id e  of the brain i . e .  co n tra la tera l to  the trained eye, 
as compared to  the untrained s id e . No d iffe re n c e s  were found 
between the trained and untrained s id es  in  to t a l  r a d io a c t iv ity  
which Horn e t  a l  took as rep resen tative  o f the s ta te  o f the  
precursor pool r a d io a c t iv ity . This i s  suspect on two grounds. 
F ir s t ly  th e ir  use o f H as iso top e  precluded any a n a ly sis  o f  
precursor p oo l r a d io a c tiv ity  (see p . 1- above), indeed they  
c r it ic i s e d  Metzger (METZGER e t  a l ,  196?) fo r  h is  use of H^^ O 
in  the same paper. Secondly they used a 150-minute precursor  
incorporation period so th at, a t most, the le v e l s  o f  t o t a l  rad io ­
a c t iv ity  which thqy found r e f le c te d  no more than those a t  the 
time o f k i l l in g ,  which immediately fo llow ed sev era l bouts o f  
handling and te s t in g . Their ca te g o r ic a l statem ent th at: "(the 
absence o f d ifferen ces  in  to t a l  r a d io a c tiv ity )  ru les  out the  
p o s s ib i l i t y  th at incorporation o f the la b e lle d  base in to  macro­
m olecules can be ascribed  to assymmetric changes in  pool s iz e  
resu lt in g , fo r  example, from d ifferen ces  in  cerebral blood  
flow  . . . ", i s  m an ifestly  unproven. V isual stim u lation  i s  
known to  in flu en ce cerebral blood flo w  (BONDY and MORELOS, 1971; 
BONDY e t  a l ,  ^97h)) and th is  can occur to d if f e r e n t ia l  degrees 
in  the two hemispheres. Thus the pool s iz e  during stim u la tion  
could have been d if fe r e n t  in  the two hemispheres but not a t  the  
time of k i l l in g  (analogously w ith the model suggested by TIPLADY,
1972 fo r  whole brain in  two d if fe r e n t  experim ental s itu a t io n s ) .
making a s e r ie s  o f observations throughout the exposure 
period can such e f f e c t s  be ruled ou t. In add ition  such d i f f e ­
r e n t ia l  blood flow  could a f f e c t  the ex ten t of c e l lu la r  in te r ­
a ction  with hormones such as ACTH, because there would be more 
in  the trained  than untrained s id e  o f the brain . This i s  not to  
say th at the r e s u lt  i s  therefore neaningless, because increased  
pool s iz e  nay w e ll be a n ecessa iy , but not s u f f ic ie n t ,  con d ition  
fo r  increased  syn th esis o f product (see  HAMBLEY e t  a l ,  197l;a).
In th is  p a r ticu la r  in stan ce the use o f ^H—u r a c il  makes th.e a s s e s s ­
ment o f the r e a l pool s iz e  o f u r a c il  very d i f f i c u l t ,  and as u r a c il  
i s  severa l m etabolic step s removed from the f in a l  precursor o f  
RNA, UTP, the pool s p e c if ic  a c t iv i ty  o f th is  la t t e r  i s  q u ite  
unknown.
An in te r e s t in g  by-product of these experiments was the 
observation th at there was a r ig h t - le f t  assymmetiy in  u r a c il  
incorporation  ra te  in  the operated, but not the in ta c t ,  ch ick s. 
Horn e t  a l  p o in t out th at the operating procedure i s  i t s e l f  
as symmetric and may have been the cause o f th is  e ffe c t , but no 
experiments have been performed to  t e s t  th is  by r ev e r sa l o f the 
operating as symmetry.
The changes in  p ro te in  metabolism, preceded by s im ila r  ones 
in  RNA metabolism, d esp ite  the d i f f i c u l t i e s  o f making d e ta ile d  
in terp re ta tio n s  of them, were stro n g ly  su ggestive  o f increased  
a c t iv i ty  o f the prote in  syn th etic  mechanism. However the 
measurement o f the syn th esis  of th ese  macromolecules by precursor  
in je c t io n  remained only su g g estiv e . I f  changes in  some asp ects  
o f th is  m etabolic process could be found which were independent
o f such problems, and e sp e c ia lly  i f  th ese  co rre la ted  w e ll w ith  
the e a r lie r  r e s u lt s ,  th is  would support the hyp othesis th at new 
p ro te in s  (although not n e c e ssa r ily  unique or p rev io u sly  unsynthe- 
8ise d  typ es) were being fomned as a consequence o f  the exposure 
o f chicks to  an im printing stim ulus. A l ik e ly  candidate fo r  such 
a study was DNA-dependent RNA polymerase (EC.2 .7 . 7 . 6 . n u cleosid e  
triphosphate -  RNA n u c le o tid y l-tr a n sfe r a se ) . I t s  a c t iv ity  had 
been le l ia b ly  measured ^  v ^  in  cerebral n u c le i from other  
sp ec ie s , and i t s  c h a r a c te r is t ic s  were w ell d e fin ed . Thus, by 
assaying the a c t iv i t y  o f th is  enzyme under standardised condi­
t io n s , the in te r p r e ta tiv e  problems asso c ia ted  w ith the use of 
la b e lle d  precursors ^  ^  would be overcome. As expected from 
aji . enzyme which sy n th es ise s  RNA i t s  a c t iv i t y  can be seen to  
in crease  before any in crea se  in  RNA i s  observed. This had already  
been demonstrated in  eWcaryotic c e l l s  in  response to  hormone 
stim u lation  (HAMILTON e t  a l ,  1968; TATA, 1968). Therefore not  
only  could such changes in  RNA polymerase a c t iv i t y ,  i f  found, 
support the in ter p r e ta tio n  o f the u r a c il  and ly s in e  in co ip o ra tio n  
r e s u lt s ,  but the involvem ent o f th is  enzyme would e s ta b lish  the  
ex isten ce  o f an e a r lie r  step  in  the p ro cess . I t  would then  
become p o ss ib le  to  look fo r  d ir e c t  r e la t io n sh ip s  between the  
a ctio n  p o te n tia l  and the subsequent m etabolic even ts lead in g to  
p rote in  sy n th es is , i f  such r e la t io n sh ip s  did  indeed e x is t .
As necessary by-products o f such an in v e s t ig a tio n  there
would be ihe development o f a method fo r  preparing n u c le i from
young ch ick  brain , and the ch a ra cter isa tio n  o f DNA-dependent RNA
polymerase in  them, n e ith er  o f which had been p rev iou sly  reported  
to  have been done.
The fo llo w in g  chapters describe  the preparation o f ch ick  brain  
n u c le i, the assay  o f RNA polymerase in  them and the response o f th is  
enzyme a f t e r  exposure o f  chicks to  an im printing stim u lus.

LEGENDS TO FIGURES lt-6 .
F ig . 1; Schematic rep resen tation  o f the operations performed to  
expose chicks to e ith e r  an in p r in iin g  stim ulus, d iffu se  l ig h t  or a 
dark-box. The, b irds were in jec ted  a t the time shown w ith ^H -lysine.
At 160 minutes a l l  b ird s were te s te d  fo r  2 minutes before being k i l l e d .  
The temperature throughout was 30°C except fo r  the t e s t  which was a t 26°G
stim ulus d if fu se  l ig h t dark-box
F ig . 5 Schematic rep resen tation  of the operations performed to
expose chicks to e ith e r  an in p rin tin g  stim ulus, d if fu se  l ig h t  or a dark- 
box. The b irds were in jec te d  w ith % -u ra c il a t  the s ta r t  o f the experiment, 
te s ted  fo r  2 minutes a t  the end and k i l le d .  The temperature throughout 
was 30°C, except fo r  the t e s t  which was a t 26°C.
The shadings are as fo r  F ig . 1;.
F ig . 6 S p ec ific  r a d io a c tiv ity  (as ^ o f the mean o f the dark b ird
brain) o f H -uracil in  the a c id -in so lu b le  m ateria l in  th ree brain reg ion s  
of ch ick s . The b irds were exposed fo r  38 or ?6 minutes to  e ith e r  an 
im printing stim ulus (s o lid  l in e s ) ,  d iffu se  l ig h t  (dotted l in e s )  or a 
dark-box (time 0 ) .  Values are means + s .e .m .
(Figures U,5,and 6 are redrawn from BATESON e t  a l ,  1972)
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CHAPTER I I I
Iti was anticipated, th a t in  fu ture e^ erim en ts which involved  
r in tin g  there would be twelve or more t is su e  samples which 
^^^bt need p rocessing  sim ultaneously* Thus a method o f prepara­
t io n  o f n u c le i which could be e a s i ly  handled by one person was 
required . Moreover because the number cf chicks which could be 
treated  from any one hatch was s t r i c t ly  lum ted (a t b est probably  
2k, most l ik e ly  l e s s )  then pooling o f samples was not p o s s ib le .  
This meant th a t s u f f ic ie n t  n u cle i had to  be obtained from a 
s in g le  brain region  o f the one-day o ld  chick fo r  t r ip l ic a t e  RHA 
polymerase assay  and DMA d e te m in a tio n s , and so y ie ld  was an 
important c r ite r io n  in  a sse ss in g  any preparation method. In 
add ition  the t is s u e , fo r  a t  l e a s t  the p i l o t  experiment on the  
e f f e c t s  o f  exposure to  an im printing stim ulus on cereb ra l MA
polymerase a c t iv i t y ,  would not be fre sh  but frozen  in  s o lid  00.*
■ ■ - 2
This problem arose because the only equipment a v a ila b le  fo r  the 
exposure was a t  the Sub-Dept. o f Animal Behaviour in  Madingley, 
Cambridge, where there were no f a c i l i t i e s  fo r  preparing n u c le i and 
assaying th e ir  enzyme a c t iv i t y .  Even in  most o f the la te r  ex p eri­
ments the t is s u e  would need to  be frozen  because the number o f  
samples was l ik e ly  to  be greater  than could be worked up in  one 
day.
Most of the a v a ila b le  methods fo r  preparation o f  n u c le i  
from brain  had been wo iked out on fresh  ra t brain and were 
designed to  maximise p u rity , even a t the expense o f y ie ld .  A ll  
previous experiments on the a c t iv i t y  o f RNA polymerase in  cerebral 
n u cle i were on the c h a r a c te r is t ic s  o f the enzyme, not upon whether 
the enzyme a c t iv i ty  a ltered  in  in d iv id u a l animals as a fu n ction  
o f p r io r  experience, and thus t is s u e  could be pooled. For example.
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the method used by Dutton and Mahler (DUTTON and MAHLER, 1968), 
m odified from th at o f W idnell and Tata (WIDNELL ani TATA, 1966) 
fo r  r a t  cerebral co rtex  required a cen tr ifu gation  o f 3 x  10 g-min. 
and gave a y ie ld  o f 3^0 fig  DNA per g (wet w eight) t i s s u e ,  a per­
centage y ie ld  o f approxim ately 30#. McEwen and Zigmond a lso  used 
6a 3 X 10 g-min. c en tr ifu g a tio n  and gained a DNA recovery o f  
(McEWEN and ZIGMOND, 1972) . Both these methods, idiich are ty p ica l  
of the general preparation procedures fo r  n u c le i from brain , 
required a t le a s t  one hour from s ta r t  to  f in i s h  even when only a 
few samples were u sed . Consequently fo r  many samples the time 
needed would be much longer. Even accepting a long preparation  
time, the number of samples which can be prepared in  most ( i f  not 
a l l )  u ltra c e n tr ifu g es  i s  s ix ;  in  many the number i s  three or 
four so th a t to prepare twelve samples o f n u c le i would require  
severa l ’runs ^ .
The method chosen fo r  preparing the chick  brain  n u c le i was 
a m od ification  of th a t o f Mertelsmann (MERTELSMANN, 1969) derived
from an e a r lie r  source (HÏMER and KUFF, 196ii) which need c e n tr i-
. . .  ■
fu gation s o f on ly  2 x  10 g-min. and thus could be performed q u ite  
rap id ly  w ith up to  16 samples without ex cessiv e  d e lays occurring  
a t  any s ta g e .
M aterials and Methods
Animals; F e r t i le  eggs o f a commercial b r o ile r  s tr a in  (Ross I ,  
from Ross P ou ltry Products, L it t le  Downham, Cambs.) were hatched  
in  darkness a t  UO°C in  an observation incubator (Curfew) and 
transferred , l e f t  in  darkness a t  33°C, in  a brooder u n t i l  th e ir  
mean age was 2i|. hours.
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Chemicals; Bovine serum albumin and y e a st RNA type 11-S , 
f, -m ercaptoethanol and Tris-HCl were from Sigma Chemicals, London, 
U.K.
C alf thymus DNA was from BDH, Poole, D orset as were a l l  other 
reagen ts.
Water was d e -io n ised  throughout.
Preparation o f  n u c le i;
The b irds were k i l le d  by d ecap ita tion  a t  2k hours post-h atch , 
th e ir  brains removed and d issec ted  in to  ibrebrain roo f, foreb ra in  
base and midbrain (Fig 3 ) ,  tie  cerebellum  being d iscarded .
These samples were frozen  in  g la ss  p o ts  on a c e to n e /so lid  CO. and
: - ; 2 ;' O '  I
stored  a t -20 C fo r  two days so th at th ey  would be comparable w ith
samples to  be used in  la t e r  behavioural experiments (Chapters 7
and 711). Each portion  o f t is su e  was allowed to  warm up to  0-^°C
in  ml o f homogenisation medium w ith Triton X-îOO (HMT). This
co n sisted  o f 0.^1 M sucrose; O.IjmM K.HPO, ; O.l], mM KH^ PO, ; 1 mM 
~  ““ 2 4 — 2 4 ' —
MgCl^; 5inM /-m ercaptoethanol and 0 .5 #  w/v Triton X-100 a t  pH 6 .5 . 
The tis su e  was disrupted fo r  50 seconds a t 1200 rpm by an M.S.E. 
top -d rive  macerator (Stage I ) .  This suspension was then f i l t e r e d  
under g en tle  vacuum through two la yers o f washed 100-gauge nylon  
b o ltin g  c lo th  ( j .  S ta in ie r , Manchester) and the f i l t r a t e  c e n tr i­
fuged a t  2000 g-av fo r  10 minutes a t  k^G in  the 32 x  10ml angle  
head of an M.S.E. M istral iiL. The supernatant was c a r e fu lly  
decanted so th a t none o f the p e l le t  was lo s t ,  and discarded . The 
p e l l e t  was re suspended in  i; .5ml homogenisation medium w ithout 
Triton X-100 (HM) by f iv e  strokes o f a hand-held. T e flo n /g la ss  
P otter  homogeniser (clearance; 200yam) (Stage I I ) .  This' suspen­
sio n  was cen trifuged  as b efo re . The hom ogenisation medium HM 
thus removed v ir tu a l ly  a l l  the Triton X-100 from th e preparation
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and. the to t a l  time the t is s u e  was in  contact w ith  the detergent  
was a t  maxi mum 20 m inutes. The supernatant from th e  second 
cen tr ifu g a tio n  was decanted, and the p e l le t  resuspended as 
before in  It.^ml o f Buffer A, which co n sisted  o f lOmM Tris-HG] 
pH 7 . 8, lOmM (NH^)2S0^; 6mM MgCl^; ImM di-Na EDTA; 5inM ^-mercapto- 
ethanol and 33# v /v  g ly c e r o l (Stage I I I ) .  This suspension was 
cen trifuged  a t  17^0 g-av f o r  10 minutes a t i;°C and the p e l le t ,  
re suspended in  0.5ml, o f B uffer A by means o f a vortex  m ixer. A 
flo w  diagram o f th is  procedure i s  shown in  Fig 7 •
Determination o f  the p u r ity  of the n u c le i ; The n u c le i were 
examined m th a l ig h t  microscope under phase co n tra st to  check  
fo r  debris and other contam ination. The extent o f  th is  contami­
n ation  by whole c e l l s ,  and. a count o f the number o f  n u c le i present 
was made using a haemocy tome te r . E lectron micrographs o f the  
n u c le i were prepared using Spurr’s Médium as embedding m atrix  
and sta in in g  w ith osmium in  Kamofsky f ix a t iv e .
The DNA, RNA and p ro te in  content o f the preparations were 
determined a t  each stage; DNA by the dLphenylamine method (BURTON, 
1956); RNA by the o rcin o l method (SCHNEIDER, 191:5) and p ro te in  by 
the Folin-phenol method (DOWRY e t  a l ,  1951 ) •
RESULTS
Under the l ig h t  microscope the n u c le i appeared to  be 
v ir tu a l ly  fr e e  o f cytoplasm ic contam ination. Some c a p illa r y  
en d o th e lia l c e l l s  were always present in  the preparations although  
a t a l e v e l  o f  1;100 on an average c e l l  to  nucleus b a s is . This i s  
somewhat higher than th a t found in  nuclear preparations produced by
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high speed cen tr ifu g a tio n  in  concentrated sucrose so lu tio n s  
(P lates \ — M r).
DNA, RNA and p rote in  p r o f i le s
The nuclear preparation was monitored fo r  i t s  p rote in ,
RNA and DNA content a t  each stage during prelim inary experim ents. 
This was done on forebrain  ro o f, forebrain  base and midbrain 
sep arate ly  rather than on the whole brain  so th a t the average 
p u rity  from each reg ion  would be known, in  case the method was 
not eq u a lly  ap p licab le  to  a l l .  No d e ta iled  h is to lo g ic a l  data  
was a v a ila b le  on the nuclear types found in  each reg ion , although  
the c e l l  types are known to be q u ite  heterogeneous (see  fo r  
example The Avian Brain, Pearson), so no estim ate could be made 
of any d if f e r e n t ia l  recoveries o f  n u cle i of "various s i z e s . 
Ho"wever, i t  i s  l ik e ly  th a t such e f f e c t s  would be l e s s  u sin g  
"this method than would occur w ith dense sucrose preparations  
vhich have c r i t i c a l  dependence on such parameters as nuclear  
d en sity  (McEWEN e t  a l ,  1972). A lso the r e la t iv e ly  high y ie ld s  
in  tenus o f DNA reduce such lo s s e s  to  some ex ten t.
Tables 1 ,2 ,3  & k show "the DNA, RNA and p ro te in  reco v eries  
a t  each s"tage in  the preparation (see  Methods fo r  d e t a i l s ) .
There was appreciable v a r ia tio n  in  a l l  th ese  aibstances both 
between each batch o f ch icks and between chicks from "the same 
batch , which could not be accounted fo r  by v a r ia tio n s  in  the 
a ssa y s . This i s  in  accord w ith  previous fin d in gs in  chick  
brain (ZAMENHOF e t  a l ,  1971 ) where s im ila r  large  varia-bions 
were observed. These may be re la ted  to  incubation con d ition s  
and to  the f lu c tu a tio n s  in  the source o f  the egg,si; "the mother 
birds are not so s t r i c t ly  co n tro lled  g e n e t ic a lly  as are o"bher 
S"bandard la b o ra to iy  animals where such la rg e  varia-bions are n o t  
g en era lly  seen .
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The DNA content o f the t is s u e  (on a jüig DNA per mg wet weight 
b a sis) i s  comparable to  th a t found by other authors, in d ica tin g  
th at there were no gross d iscrep an cies in  the DNA assay procedure 
(ZAMENHOF e t  a l ,  1972; MAmODIS, 1969), as was the to t a l  DNA 
content o f the various reg ion s.
Most o f both the RNA and p rote in  present in  th e  i n i t i a l  
homogenate  (stage  I )  was l o s t  during the preparation, on average 
only 15# o f the former and it# o f ihe l a t t e r  remaining in  the f in a l  
nuclear suspension (Stage 1 7 ) . The f i r s t  cen tr ifu g a tio n , in  the  
presence o f the detergent Triton X-100, removed the bulk o f th ese  
(average 60# and 75# r e s p e c t iv e ly ) . In a t e s t  experiment whole 
brain t is s u e  was subjected to  the procedure, but m odified by the. 
om ission o f tr ito n  X-100 from the medium; the p ro te in  contents o f  
the preparations a t  Stage I I  and Stage 17 were much h igher (33# 
and 12# o f Stage I  r e sp e c tiv e ly ) and the n u cle i a t Stage 17 
were seen to have appreciable cytoplasm ic adherents. This i s  
e n t ir e ly  c o n s isten t w ith the known a c tio n  o f Triton X-100 vhich  
removes the outer nuclear membrane and consequently any cytoplasm  
which might be attached to  i t  (L07TRÜP-REIN and McEWEN, 1966).
The r a tio s  o f DNA to  both RNA and p ro te in  were d if fe r e n t  
in  the nuclear suspensions (stage 17) derived from th e  foreb ra in  
roof and base as compared tb th a t o f the midbrain, namely there  
was l e s s  RNA but more p rote in  in  th e former than the l a t t e r .
This could r e f le c t  e ith e r  or both o f increased  contam ination and 
d if fe r e n t  preponderances o f nuclear typ es. By v is u a l in sp ec tio n  
th ere was no c o n s isten t d ifferen ce  between them in  terms o f  
contam ination which would argue g a in s t  the foim er as a source o f  
the v a r ia tio n . However the d ifferen ce  between them does l i e  
w ith in  the experim ental error so th a t the e f f e c t  could be 
spurious.
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The average DNA contents of in d iv id u a l n u c le i from one- 
day o ld  chick brain was estim ated by r e la t in g  nuclear number 
to the DNA content of the same suspension. This value was 
2.81 -  0 .23 pg DNA per nucleus fo r  a l l  three brain reg ion s, a 
f ig u re  in  agreement w ith those o f other authors (LESLIE, 1955).
DISCUSSION
The low-speed cen tr ifu g a tio n  method described was chosen 
as the standard method fo r  producing n ic le i  fron one-day old  
chick brains f)r  subsequent assay fo r  ENA polymerase a c t iv i t y .
I t  f u l f i l l e d  th e basic  requirements of speed, ease o f use by 
one person fo r  the preparation o f m u ltip le  samples and gave 
n u c le i with reasonable p u rity  in  high y ie ld .  The c e l lu la r  
types from which these n u c le i were derived , and th e ir  r e la t iv e  
numbers i s  unknown. The c r i t e r ia  commonly used to  d is tin g u ish  
the c e llu la r  source o f n u c le i from ra t cerebral t is s u e  may not 
be d ir e c t ly  app licab le  to  th e neonate ch ick . S-ze i s  a r isk y  
c r ite r io n , even fo r  the well-documented r a t system, because i t  
i s  c lo s e ly  re la ted  to the io n ic  com position o f the medium 
(McEWEN e t  a l ,  1972). The presence o f  in ter n a l stru ctu res such 
as n u c le o li have been ex te n s iv e ly  used as c r it e r ia  fo r  d is t in ­
guishing n u c le i o f neuronal source from those o f g l i a l .  The 
primary evidence fo r  such id e n t if ic a t io n  has been taken from 
NURNBERGER, 1958. In ra t most neuronal n u cle i have a s in g le ,  
la rg e  nucleolus w ith in  a c le a r  nucleoplasm which serves as a 
means o f id e n t if ic a t io n . The c r it e r ia  fo r  n u c le i from other 
c e l l  types are l e s s  w e ll-d e fin ed . Moreover the p o s s ib i l i t y  o f  
changes in  th e ir  in tern a l structure during preparation makes 
such id e n t if ic a t io n  even more hazardous. For the neonate ch ick  
much le s s  i s  known in  terms o f nuclear anatomy in  s i t u ,  even l e s s
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in  the case o f iso la te d  n u c le i, thus rendering any estim ates o f  
the r e la t iv e  proportions o f nuclear types in  these preparations 
very d i f f i c u l t . On a crude estirm tion  b a s is , taking only large  
n u c le i ( fm)  w ith one or sev era l d isc r e te  n u c le o li  (ve iy  few  
n u c le i have only one nu cleolu s in  chick  brain) in  c lea r  nucleo­
plasm as being o f  neuronal o r ig in s , the percentage of n u c le i in  
th is  category represented about 4»S# o f  the to ta l  in  the Stage 
IV pop ulation .
Several reports have been published o f  fr a c tio n a tio n  proce­
dures fo r  preparing separate populations o f cerebral n u c le i  
’enrich ed’ in  e ith e r  neuronal or g l i a l  n u c le i as compared to  
th e ir  r e la t iv e  frequencies in  the i n i t i a l  homogenate (LOVTROP- 
REIN and McEWEN, 1966; KATO and KUROKAWA, 196?; BIIRDMAN, 1970; 
AUSTOKER e t  a l ,  1972; THOMPSON, 1973). The neuronal populations  
were contaminated to  varying ex ten ts w ith  g l i a l  n u c le i and the  
g l i a l  by neuronal. Moreover th e  large  n u c le i ( i . e .  ’neuronal’ ) 
were probably a mixed population in  ihem selves of neuronal and 
a str o cy tic  n u c le i, and the sm all n u c le i ( i . e .  g l i a l )  probably 
included small neuronal plus en d o th e lia l n u c le i.  As expected  
from a fra c tio n a tio n  procedure, the y ie ld  o f n u c le i (on a DNA 
b a s is )  in  each fr a c tio n  was rather low and large  s ta r tin g  
q u a n tit ie s  of t is s u e  were needed. Lovtrup-Rein and McEwen 
achieved a to t a l  DNA recovery in  the two fr a c tio n s  o f  11#,
Kato and Kurokawa 15#, and Thompson 20#. The same problems 
a r ise , but more a cu te ly , in  any attempt to  fra c tio n a te  the cereb ral
39
n u c le i from chick as were met in  the p u r if ic a t io n  o f a hetero­
geneous population^) namely y ie ld  and qu antity  of s ta r tin g  t is s u e .  
However, i f  only fo r  the inform ation which might be obtained on 
the r e la t iv e  a c t iv i t y  of EH A polymerase and i t s  c h a r a c te r is t ic s  
in  each nuclear type, i f  not fo r  examining any changes in  the 
enzyme a fte r  exposure to the im printing stim ulus, an attempt was 
made to  fra c tio n a te  these n u c le i .
METHODS
Animals; These were incubated and reared as described e a r lie r  
(p. 32.).
Preparation of n u c le i: F ive fre sh  foreb rain  roofs were used.
They were homogenised by f iv e  strokes o f  a T eflo n /g la ss  Potter  
homogeniser (clearance: ^$0j m )  a t  800 rpm in  0.32M sucrose  
contain ing ImM MgCl  ^ to g ive a 30^ (w/v) suspension. This was 
cen trifuged  fo r  10 minutes a t 1000 gav and the p e l le t  resuspended 
in  approximately 5ml o f e ith e r  2 .0  or 2.2M sucrose contain ing ImM 
MgClg. The DNA recovery a t th is  stage was approximately 65^. A 
p ortion  o f th is  suspension was layered over a discontinuous sucrose  
gradient which had been l e f t  to stand a t  fo r  30 m inutes to  
allow  a small degree of in te r fa c e  d if fu s io n  to  occur. This p rocess  
tends to  f a c i l i t a t e  the passage o f n u c le i through the in te r fa c e s .
Two types o f grad ient were used (Fig 8 ); when the n u c le i  
were resuspended in  2.0M sucrose they were layered over equal 
volume la yers of 2 .2 , 2 .k  and 2.8m sucrose (A), and when they  
were resuspended in  2.2M sucrose they were layered  over equal 
volnme step s o f 2 .k  and 2.8M (B) or 2.1;, 2 .6  and 2 .8m sucrose (C). 
These grad ien ts were made up in  5ml tubes aid cen trifuged  in  the 
3 X 5ml swing-out head o f an M.S.E. iS  c en tr ifu g e , a t e ith e r  100,000
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gav or 70,000 gav. The m ateria l a t  the in te r fa c e s  was removed with  
a Pasteur p ip e tte  and suspended in  0.32M sucrose contain ing ImM 
MgClg. These were examined by l ig h t  microscopy under phase con­
tr a s t  and w ith  eresy l v io le t  s ta in in g .
RESULTS
The gradients used were sim ilar  tD those used fo r  fra c tio n a ­
tin g  mammalian cerebral n u c le i but lere not appropriate fo r  the 
ch ick . Unlike the r a t , no s ig n if ic a n t  p e l l e t  was ever found to  
have sedimented through 2.8M sucrose, indeed, the v a s t  bulk o f  
the n u c le i did not pass through the f i r s t  in ter fa ce  (2 .0 /2 .2  in  
the case of grad ient A; 2 .2 /2 .1; in  the case o f grad ients B and C). 
The r e la t iv e  proportions of presumed neuronal and g l i a l  n u c le i 
were determined by counting in  a haemocytometer; la rg e  n u cle i 
with c lea r  nucleoplasm and one or two d is t in c t  n u c le o li  were 
counted as neuronal and sm all n u c le i w ith r e la t iv e ly  dense 
nucleoplasm were counted as g l i a l .  On grad ient A, a f t e r  c e n tr i­
fu ga tion  a t 70,000 gav fo r  60 minutes, the proportions o f  neuronal 
to  g l i a l  n u cle i a t in ter fa ces  2 and 3 were as shown in  Table 5 •
On gradient 0, a f t e r  cen tr ifu g a tio n  a t 70,000 gav fo r  60 minutes, 
the r e la t iv e  proportions a t in ter fa c e s  2 ard 3 were as shown in  
Table 5 . No counts were made on n u c le i from gradient B because 
no s ig n if ic a n t  p e l l e t  was obtained a t  the bottom o f the tube and 
in te r fa c e  1 was very  h ea v ily  contaminated with d eb r is , thus only  
one in te r fa c e , number 2, had c lea n  n u c le i in  i t .
S im ila r ly  with the r e su lts  o f other reports the g l i a l  
n u cle i were much le s s  contaminated than the neuronal, presumably 
because whereas snail n u c le i may remain in  low d en sity  sucrose, 
large  ones are u n lik e ly  to  penetrate high d en s ity  sucrose. This
i s  supported by a comparison of the n u cle i a t in ter fa c e  3 in  both 
g rad ien ts. Gradient B, with 2.ijM sucrose above the in ter fa c e  has 
fa r  fewer large  n u cle i a t  th is  in ter fa c e  than gradient A with 2.2M 
sucrose above the in te r fa c e . Also a t in ter fa c e  2, in  the denser 
gradient B the proportion o f large n u c le i found here was sm aller  
f  than found in  gradient A. Even in creasin g  the time o f c e n tr i­
fu gation  from 60 to  90 minutes had l i t t l e  e f f e c t  on th is  d i s t r i ­
bution . Thus the b est 'neuronal-enriched* population was s t i l l  
35^ contaminated with g l i a l  n ic le i , and the t o t a l  DNA recovery  
from the two in ter fa c e s  combined was only
These r e s u lt s  in d icated  th at the d i f f i c u l t i e s  inherent in  
try in g  to produce a method fo r  preparing neuronal and g l i a l  
n u c le i from the chick  brain, which could be used on t is s u e  from 
behavioural experim ents, were l ik e ly  to  be very g rea t. Consequently 
the attempt was abandoned.
t is su e
disrupted in  HMT, f i l t e r e d
n u cle i
suspension
centrifuged at 2 x 10^ g-min
supernatant
(discarded)
Stage I
pellet
resuspended in  HM
Stage I I
cen trifuged  a t 2 x 10 g-min
supernatant
(discarded)
p e l l e t
re suspended 
in  'a'
suspension Stage I I I
centrifuged at 1•75 
X 10^ g-min.
p e l le t supernatant
resuspended in  A
(discarded)
suspension Stage IV
FIGURE 7. Flow diagram of the steps involved  in  the preparation  
of chick brain n u c le i . See Methods fo r  d e t a i l s .
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TABLE 1
T y p ic a l  DNA c o n te n t
a nd  r e c o v e r ie s  i n  p r e p a r a t io n s  o f  n u c l e i
f r o m  th r e e  r e g io n s  o f  c h ic k  b r a in
DNA content ^g/m g fresh  w t .)
Brain region
Stage Roof Base Midbrain
I 1.08 -  0.09 1 .Oh -  0 .09 1 .22 -  0.13
I I 1 .Oh -  O .lii 1 .01 -  0 .16 1.18 -  0 .19
I I I 0 .99  -  0 .15 0.90 i  0 .16 1.12 -  0.21
IV 0.87 -  0.18 0.78 t  0.20 1.01 i  0.22
DNA recovery (as % o f Stage I )
I 100 100 100
I I 96.3  -  5.U 97.1 -  7 .6 96.7  -  5 .9
I I I 91 .7  -  7 .0 86.5  Î 8 .6 91.8  -  8 .3
IV 80.6 -  10.9 75.0 -  13.9 82.8 -  10 .3
DNA content was assayed a t each stage o f th ep rep a ra tio n  
(see Methods fo r  d e t a i l s ) .  Values are mean -  range (N -  8 ) .
TABLE 2
T y p ic a l  ENA c o n te n t
a n d  r e c o v e r ie s  i n  p r e p a r a t io n s  o f  n u c l e i
f r o m  t h r e e  r e g io n s  o f  c h ic k  b r a in
RNA content (^g/mg fresh  w t.)
Brain region
Stage Roof Base MLdbrain
I 2.77 -  0.36 3 . 01* -  0.38 2.78 -  0.31
II 0 .93  -  0.15 1.29 -  0 .19 1.18 -  0.19
I I I 0.2:6 -  0 .09 0.31 -  0.13 0.63 -  0 . 12:
IV 0 . 3 8 - 0.10 0.39  -  O.II* 0.52: -  0.17
ENA recovery (as % o f Stage I )
I 100 100 100
II 33.6 -  1 .3 2:2.2: -  1 .0 2:2.5 -  2.2:
I I I 16.6 -  1 .2 16.8 -  2 .3 22 .7  -  2 .9
IV 13.7 -  2.1 12.8 -  3.3 19 .2: -  2: .2:
ENA content was assayed a t  each stage o f the p rep a ra tio n  
(see  Methods fo r  d e t a i l s ) .  Values are mean -  range.
( r ^  8 )
TABLE 3
Typical protein  content
and recoveries in  preparations of n u c le i
from three regions o f  ch ick  brain
Protein  content (^g/mg f fe s h  w t.)
Brain region
Stage Roof Base Midbrain
I 82.6  -  6 .6 81*.1 -  5 .9 80.3  -  6 .0
I I 16.9 -  3 .3 19.8  -  3 .5 21.9 -  U.2
I I I 10.1 -  2 .k 13.0 -  2 .3 13.2 -  2 .2
IV 3 .0  -  1 .3 3 .1* -  1 .5 3 .6  -  1 .6
Protein recoveiy (as % of Stage I)
I 100 100 100
I I 20.5 -  2.1 23.6 -  2 .3 27 .1  -  2 .9
I I I 12.2 -  1 .8 15.1* -  1 .6 16 .1| -  1.1:
IV 3 .6  -  1 .2 1*.0 -  1.1* i;.5 -  1 .5
P rotein  was assayed a t each stage of the preparation  
(see  Methods for  d e t a i l s ) .  Values are mean -  range. 
(N 4 S ).
TABLE 1:
Typical r e la t iv e  DNA, RNA and p ro te in  contents
of nuclear preparations from chick brain
a t  Stages I  and IV
DNA : RNA ^  DNA/)jg RNA)
Brain Region 
Stage Roof Base Midbrain
I 0 .39  0 .3b  O.bb
IV 2.29 2 .00  1 .87
DNA : p rote in  (^g JMA/jig p rote in )
Brain Region 
Stage Roof Base MLdbrain
I 0.01 0.01 0.02
IV 0 .29  0 .23  0 .28
DNA, RNA and protein  were assayed as described in  Methds. 
Data derived from Tables 1, 2 and 3» (N -  8)
TABLE 5 .
R elative proportions o f  "neuronal" and "glia l"  n u c le i  
obtained from in ter fa c e s  2 and 3 
o f two sucrose gradients
Gradient Tybe 
In terfa ce  A B Nuclear Type
65 -  5 58 -  6 Neuronal
■ 2
3 5 - 5  h2 -  6 G lia l
lb  -  7 1 0 - 2  Neuronal
86 i  7 9 0 - 2  G lia l
(Both gradients were prepared as described in  Methods. 
Valuep are percentages o f to t a l  n u c le i a t each in te r ­
face  -  range. N -  7)
2 0 2 2
2 2
2 4
2 4
2 8 2 8
A B
FIGURE 8 . The three types o f d iscontinuous sucrose 
gradients used in  the attempt to fra c tio n a te  chick  
cerebral n u c le i in to  neuronal and g l i a l  ty p es .
Numbers in d ica te  the concentration (M) o f  the sucrose  
in  each step .
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CHAPTER IV
DNA-dependent RNA polymerase has been assayed in  v itr o  in  
n u c le i from many t is s u e  so u rces . Although the f in e  d e ta i ls  o f  
i t s  response to i t s  assay con d ition s vary somewhat, i t s  general 
c h a r a c te r is t ic s , in  n u cle i from mammalian sources, are very  
s im ila r , in  p a r ticu la r  i t s  response to the presence and cone en-
I
tr a tio n  of d iv a len t m etal io n s  and to the io n ic  stren gth  o f the 
medium. There are d is t in c t  optima fo r  the concentrations o f  
both magnesium (Mg^^) and manganese (Mn^^), and u su a lly  higher 
concentrations of the former are required to a tta in  maximal 
a c t iv i t y .  Increasing the io n ic  strength o f the assay  medium, 
e ith e r  by the add ition  o f potassium  ch lorid e  or ammonium su l­
phate causes se v e r a l-fo ld  in crea ses  in  the a c t iv ity  w ith  maxi­
mal a c tiv a tio n  a t  around 100 mM and 300-b00 mM r e sp e c t iv e ly .
In r a t  l iv e r  n u c le i i t  was proposed th a t there were two enzyme
forms on the basis of the response o f the enzyme to  th ese  d i f f e -
2+ren t con d ition s, one w ith preference fo r  Mg at low  io n ic  stren gth
2+(fo m  I )  and the other fo r  Mn a t  high io n ic  strength (form I I ) .  
Autoradiographic data and the separation o f the co n stitu en ts  o f  
the nucleus (nucleolus and nucleoplasm) showed th at th ese two 
foim s did indeed e x is t ;  form I  appeared to  be lo ca lised  in  the 
nucleolus and foim  I I  in  the nucleoplasm . By measuring the r e la ­
tiv e  proportions o f the four n u cleo tid e  bases in  the products 
foimed by the ^  v itr o  reaction  (base r a t io s )  form I  was shown 
to  produce a r ibosom al-like RNA and form I I  a DNA-like RNA 
(probably messenger RNA). (WEDNEEL and TATA, 1966; MAUL and 
HAMILTON, 1967; ROEDER and RUTTER, 1969, 1970 .)
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ENA polymerase in  n u c le i derived frcm brain t is s u e  was found 
to  have sim ilar d iv a len t ion  and io n ic  stren gth  requirements 
(BARONDES, 196b; DUTTON and MAHLER, 1968; DRAVID and DUFFY, 1969; 
BANKS and JOHNSON, 1973). However in  a l l  th ese s tu d ies  a h etero­
geneous population o f  n u c le i were used, th a t i s  no attem pt was 
made to  d efin e th e ir  type o f c e l l  source. When methods fo r  
fra c tio n a tin g  n u c le i according to  s iz e  were devised i t  was p o ss ib le  
to  a scr ib e  the c h a r a c te r is t ic s  o f  the enzyme in  them to  those o f  
the c e l l s  from which they were presumed to  d erive, i . e .  neuronal 
or g l i a l  (see however Chapter I I I  on the d i f f i c u l t i e s  o f sich an 
assignm ent). The presumed-neuronal n u c le i had higher RNA p oly­
merase a c t iv i ty  than the presum ed-glial n u c le i but did not d if f e r  
g r ea tly  with resp ect to  optim al assay con d ition s (L0VTRUP-EEIN 
and McEWEN, 1966; KATO and KUROKAWA, 1967 and 1970; SLAGEL and 
AKERS, 1972).
Although no reports o f stu d ies  on the two enzyme forms 
in  fra ctio n a ted  n u cle i has appeared, recent r e s u lt s  on the u se  
o f oC-amanitin, which e x te n s iv e ly  in h ib it s  the a c t iv i t y  o f form  
I I ,  may prove u se fu l fo r  avoiding the need to  separate n u c le o li  
from nucleoplasm (BANKS and JOHNSON, 1973).
In the l ig h t  o f the e a r l ie r  research in to  the ch a ra cter is ­
t i c s  o f DNA-dependent RNA polymerase in  cereb ra l n u c le i and the  
absence o f any inform ation fo r  the chick brain , A was necessary  
to  determine the optim al con d ition s fo r  the assay using n u c le i  
prepared as described in  Chapter I I I .  In ad d ition , the m ajority  
o f previous work has used adu lt t is su e  and so i t  was p o ss ib le  
th at the enzyme in  n u c le i from a rap id ly  developing neonate a n i­
mal, l ik e  the one-day old  chick , could be markedly d if fe r e n t .
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Such a study was a preeoondition o f any future s tu d ies  using  
ch icks exposed to  the inç)rinting stim u lus.
M aterials and Methods: '
Chemicals Sigma Chemical Co. London, U.K. ; ATP, CTP, GTP and 
UTF;  ^-m ercaptoethanol; c a l f  thymus DNA (type 1 ); c a l f  thymus 
DNase; Actinomycin D; Tris-HCl.
Radiochemical Centre, Amersham, U.K. + (8-1 bC)-ATP s p e c if ic  
a c t iv i t y  bo mCi/mmol; 1 be (U)-CTP b05 mCi/mmol; IbC (U)-GTP b50 
mCi/mmol; 1bC(U) -UTP b05 mCi/mmol.
BDH Poole, U.K. : Butyl-PBD ( 2 -(b'tert.-butylphenyl) - 5 - (b" 
biphenylyl)-1,3,b-oxadiazole) and all other reagents, which were 
of analar grade.
One-day old ch ick  brain n u c le i were prepared by the method 
described in  Chapter I I I  and kept a t  0-b°C u n t i l  assay , which was 
w ith in  1 .5  hours o f th e ir  preparation. They were suspended in  
B uffer A except in  the case of experiments which involved  v a r ia ­
t io n s  o f the concentrations o f ammonium sulphate, magnesium or 
manganese when th ese were omitted from the suspending b u ffer .
The RNA polymerase incubation medium was very s im ila r  to  
th at used by Kato and Kurokawa and con sisted  of;
IGOnM-Tris HCl pH 8 .5 ; 300mM-(NH^)gS02^ ; 5inM-MgClg; 5mM-^  
mercaptoethanol; 0.5inM concentration o f each o f CTP, GTP and 
UTP; O.ImM ATP; 0.16? ^Ci o f (8-1 bC)-ATP. This medium gave 
maximal a c t iv i ty  and was the one used u n less  otherwise s ta te d ,  
boo ^ 1  o f incubation medium were heated a t  37°C fo r  1 minute;
6 '100 yul o f nuclear suspension (containing approximately 8 x  10 
n u cle i -  30^ g  DNA) was added, mixed and the mixture incubated
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fo r  a fu rther 5 minutes a t  37°C. At the end o f th is  period the 
rea c tio n  was stopped by the add ition  o f 0 .5  ml ic e -c o ld  10^ 
tr ic h lo r o a c e tic  acid  (TGA) contain ing 0.2M sodium pyrophosphate. 
The tubes were kept in  ic e  fo r  20 minutes to  allow  the p r e c ip i-  ■ 
ta te  to  coagulate and the contents o f the tubes were then f i l ­
tered  thraigh 2 .5cm Whatman GF/C g la s s  f ib r e  f i l t e r s  by applying  
g e n tle  mcuum. The f i l t e r s  were su c c e ss iv e ly  washed a t  room 
temperature in  the equivalent o f 25ml 5^ TGA, 25ml chloroform / 
ethanol (3:1) and l5ml ether and d ried . The f i l t e r s  from one 
experiment were washed sim ultaneously in  the appropriate reagent 
by p lacin g  each f i l t e r  from a t r ip l ic a t e  assay in  a numbered 
Teflon holder (Fig 9 ) ,  The enzyme co n tro ls , produced by incu­
bating  the n u c le i in  the presence o f 10^ TGA plus 0.2M sodium 
pyrophosphate, were found to  be alm ost id e n t ic a l to  each other  
and so tie  sev e r a l con tro l tube f i l t e r s  were grouped together  
in  holders w ithout identifLcation. The holders were placed fo r  
a few minutes in  5 l  tanks contain ing a volume of each reagent 
(replaced fo r  each experiment) eq u iva len t to  e ith e r  25ml or 
15ml per f i l t e r ,  and were stacked so as to  a llow  fr e e  access  o f  
the reagents to  the f i l t e r s .  They were removed from tte  TGA tank  
to  the chloroform /ethanol tank, to the ether tank and were then  
l e f t  to  dry a t  room temperature. This procedure n ot only g r e a t ly  
speeds up the washing process and makes i t  more uniform but 
prevents the lo s s  or m isplacing o f the f i l t e r s  (up to 60 per 
experiment) during the m anipulations. There was no d ifferen ce  
in  r a d io a c tiv ity  between the con tro l f i l t e r s  produced by th is  
method and tio se  produced by in d iv id u a l washing.
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The dry f i l t e r s  were p laced in  s c in t i l la t io n  v ia ls ,  10ml of 
s c in t i l la t io n  f lu id  (8 g / l  Butyl P-BD in  1:1 toluene-methoaqyethanol) 
added, and the r a d io a c tiv ity  counted in  a Beckman LS-I^O liq u id  
s c in t i l la t io n  spectrom eter. The e f f ic ie n c y  o f  counting o f '
was 85^. To ensure th a t there was no appreciable in te r n a l absorp­
tio n  o f rad ia tion  in  the f i l t e r s ,  t e s t s  were run in  which h a lf  
the f i l t e r s  were counted in  the above way and the other h a lf
o  I
were d ig ested  fo r  10 minutes a t  100 G in  1M NaOH. The d ig ested  
sairples were counted in  the ±>ove s c in t i l la n t ,  corrected  to  the 
same e f f ic ie n c y  and compared to  the f i l t e r  samples. As expected . 
the d ig ested  samples had apparently higher r a d io a c tiv ity , the 
r a tio  f i l t e r / d i g e s t  being 0.91 -  0 .05  (N = 1 2 ). Alp. subsequent
r a d io a c t iv it ie s  were corrected to  compensate fo r  th is  e f f e c t .
1 il
To determine th at the in co ip oration  of G-ATP was the 
r e s u lt  o f t ie  a ction  o f DNA-dependent ENA polymerase the  
rea c tio n  was carried  out in  the presence of e ith e r  actimoirgrcin 
D which i s  known to in h ib it  the a ction  o f the enzyme, or DNase 
to  degrade th e . endogenous DNA teirp late . The actimomycin D was 
added a t  a concentration o f 50 ^g/m l to  the incubation  mixture 
a t zero time and the assay carried  out as u su a l. The DIfe.se 
(50 jug/ml) was added to  the n u c le i and incubation medium from 
which the n u cleo tid e  triphosphates (NTP)was om itted. They were 
incubated fo r  5 minutes a t  37°G before the NTPs were added and 
the rea ctio n  continued as above. P a r a lle l rea ctio n s were run 
without DNase.
To examine the response of the enzyme to d if fe r e n t  d iva­
le n t  m etal ion  concen trations, pH and io n ic  strength  the assay
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medium was prepared by combining i t s  sev era l co n stitu en ts  as 
required . Thus to  produce assay  media w ith d if fe r e n t  magnesium 
concentrations the standard medium was made up w ithout magnesium 
and th is  la t t e r  was added in  the form o f a concentrated so lu tio n  , 
to  the desired  f in a l  concen trations.
R esu lts
There were su b sta n tia l d ifferen ces  in  the a c t iv i t y  o f EM 
polymerase between n u c le i prepared frcm chicks drawn from 
d if fe r e n t  hatches, and g en era lly  much sm aller d iffe re n c e s  between 
those drawn from the same hatch (Tables 6, and 7 ) •
■ i ■ '
TABLE 6
V ariation  in  RNA polymerase 
in  the brains o f chicks 
drawn from d if fe r e n t  hatches
Day
1 b 6
Hatch 1 3860 3510
Hatch 2 3300 31bO
Hatch 3 b770
Mean RNA polymerase a c t iv i t y  (pmol ATP incorporated/mgDNA/5 minu­
te s )  in  three hatches o f ch ick s. Each value i s  the mean o f 6 
d eteim in ation s. Each brain was d iv ided  in  h a lf  a n tero -p o ster io r ly , 
and n u c le i prepared from each h a lf  on the days shown above. A ll  
the t is s u e  had been frozen  a t l e a s t  two days before i t s  f i r s t  
assay, i . e .  fo r  Hatch 1, Day 1 was a fte r  2 days o f frozen  sto ra g e .
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TABLE 7
V ariation o f RNA polymerase 
sp e c if ic  a c t iv i t y  in  the brains
o f severa l ch icks from two hatches
Hatch 1 Hatch 2
b190 ' 5120
3930 1*970
3910 1*910
3820 1*81*0
3700 1*1*00
3620 1*390
mean -  sem 3860 -  80 b770 -  120
The s p e c if ic  a c t iv i t y  of RNA polymerase in  n u c le i prepared from 
the brain  of sev era l chicks drawn from two separate hatches (the  
hatches are the same as those used fo r  data in  Table 6 ) .  Values 
are pmol ATP incorporated/mg DNA/5 m inutes. Assay as in  Methods-
Sim ilar observations have been reported in  rabbit and monkey 
brain (BONDY and HAELSCH, 1965). That th is  d ifferen ce  was not 
due to  v a r ia tio n s in  the preparation o f the n u cle i nor in  the  
assay ms ascerta ined  by sim ultaneously assaying n u c le i from the  
brains of chicks drawn from separate h atch es. The s l ig h t  lo s s  
o f a c t iv i ty  caused by storage o f the frozen  brains from one 
hatch u n t i l  m ateria l from the next hatch was ready (approxim ately  
10^) d id  not s e r io u s ly  a f f e c t  th is  comparison. To counteract 
th is  e f f e c t ,  which would otherw ise have introduced a large  
sc a tte r  in to  the data, the average RNA polymerase s p e c if ic  a c t i ­
v i t y  was ca lcu la ted  from the data o f sev e r a l nuclear preparations  
from birds of sev era l hatch es. In a l l  subsequent experiments a t
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le a s t  one standard assay ( th is  i s ,  as described in  Methods above) 
was made and a ll  the data from the experiments were noim alised  
to  the p rev iou sly  determined average value by means o f  the stan­
dard assay. This average va lu e was bOOO pmol ATP incorporated / 
mgDNA/5 minute incubation .
In experiments where severa l non-imprinted b irds were used,
I
fo r  example the experiments described  in  th is  Chapter, a l l  the  
n u cle i were pooled and thus any v a r ia tio n s  in  a c t iv i ty  between 
birds were elim in ated .
 ^ I
The choice o f a 5-minute incubation time was made on the 
b a s is  o f the data shown in  F ig 10. The reaction  was lin e a r  fo r
■ I
ju s t  over 5 m inutes, and then began to le v e l  o f f  q u ite  qu ick ly . 
A c tiv ity  p r o f i le s  l ik e  th is  have been seen by severa l other  
authors although the period o f l in e a r ity  v a r ies  w itii the pre­
paration  and assay  procedures and the source of the n u c le i  
(BARONDES, 196b; BONDY and WAELSCH, 1965; KATO and KUROKAWA,
1970; BANKS aid JOHNSON, 1973). Both lo s s  o f enzyme a c t iv i ty  
and the action  ofRIfeses on the product probably contribute to  the  
d eclin e  in  a c t iv i ty .  A fter 5 minutes o f incubation the in co r ­
poration o f ATP per mg DNA present was ca lcu la ted  from the known 
sp e c if ic  a c t iv i t y  o f the exogenous ATP. I f  however the l e v e l  of 
endogenous ATP was a s ig n if ic a n t  proportion o f the added ATP 
then the s p e c if ic  a c t iv i t y  of the ATP ca lcu la ted  would be too  
high and the estim ated a c t iv i t y  o f RNA polymerase would be an 
under-estim ate. Thus the f ig u re s  g iven  are the minimum RNA 
polymerase a c t iv i t i e s .  The maximal value of qiproximately 800 
pmols ATP incoiporated/m g DNA/minute i s  su b sta n tia lly  higher  
than th a t found by oth ers, e .g .  Bondy and Waelsch in  ra t brain
n u c le i -  200 pmols ATP/mg DNA/minute; Kato and Kurokawa in  guinea  
p ig  neuronal n u c le i (P .^j type) 200 pmols ATP/mg DNA/minute. Both 
these determ inations were on n u c le i from adult t is s u e , and higher  
a c t iv i t i e s  might have been expected in  the young from observations  
made in  the developing mouse brain (BANKS and JOHNSON, 1972).
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Response to  In h ib itors
That the incorporation  o f “^C-ATP was dependent on the pre­
sence o f DNA and th a t the form ation of product could te m ostly  
prevented by the presence o f actinomycin D i s  shown in  Table 8 . 
These r e su lts  are ex a ctly  as expected i f  the enzyme a c t iv i t y  
measured 'was DNA-dependent ENA polymerase.
> TABLE 8
E ffec ts  on RNA polymerase a c t iv i ty  
of Actinomycin D and DNase
Actinomycin
D
DNase
pmol ATP incorporated / 
mg DNA/5 minutes
+ 222  -  1*1*
-  3808  -  21*2
+ 389 -  69
4«
^ in h ib it io n  
over co n tro l
9k
0
87.5
-  3119 -  1b6 0
E ffe c ts  o f actinom ycin D (50 /ig /m l) and DNase (50yig/m l) on th e  
incorporation  o f ^^C-ATP in to  RNA by chick brain  n u c le i . Values 
are mean 1 sem. N = 12. (incubation d e ta ils  as in  Methods.)
The 20^ lo s s  o f a c t iv i ty  in  the co n tro l in  the DNase experim ents 
compared to  the con tro l in  the Actinomycin D experiments (both  
were perfoimed using the same nuclear preparation) was p o s s ib ly
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due to the 5 -minute pre-incubation  o f the n u cle i w ith DNase. This 
suggests th a t the enzyme i s  rather u n stab le  a t 37°C in  the incu ­
b ation  medium, although a t  0-b°G in  B uffer A the a c t iv i t y  lo s s  
a fte r  1 hour was only about ,
Response to DNA concentration
The incorporation  o f ATP was lin e a r  w ith resp ect to  enzyme 
concentration, measured as DNA content, over the whole range ever 
l ik e ly  to  be used in  these experiments (Fig 11 ) .  To obtain  DNA 
concentrations o f 60^g/10C ^l required the pooling o f n u c le i  
from sev era l brains ; the concentration of DNA from one brain  
region was approximately 25-30yig/lO O yul. This was considerably  
le s s  than the DNA content per assay  used by other authors, e .g .  
Banks and Johnson -  up to 200 ^ g  DNA; Kato and Kurokawa -  ibO ^g , 
DNA and Ditton and m hler -  l5 0 y ig  DNA, who achieved th e ir  
higher amounts by pooling  t is s u e  from sev era l anim als. I t  was 
not p o ss ib le  in  the la te r  behavioural experiments to  u se  pooling  
o f t is s u e  to  in crease  the abso lu te  amount o f ATP incorporation  
achieved although in  the experiments described in  th is  chapter 
th is  was done.
Response to pE
The xH o f the incubation medium was varied  by adjusting  
the pH o f the Tris b u ffer  and of the ammonium su lp h ate . The 
a c t iv i t y  of the enzyme was measured a t  each pH value (Fig 12) 
and in  accordance with the fin d in gs o f others (WIDNELL and TATA, 
1966; DUTTON and MAHLER, 1968), there was a broad range o f pH 
which gave maximal a c t iv i t y .  The pH used in  the standard assay  
medium (8 .5 ) was w ith in  th is  range.
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Response to  d iv a len t m etal ions
In common w ith the fin d in g s of a l l  other authors there was 
a d ifferen ce  in  the enzyme’s response to  the concentration of 
d if fe r e n t  d iv a len t m etal io n s . Fig 13 shows the e f f e c t  on the 
incorporation of ATP of in creasin g  concentrations o f magnesium, 
a t both high and low io n ic  stren gth , and Fig 1 b shows the e f fe c t s  
of manganese under the same co n d itio n s. The presence o f 300 i #  
ammonium sulphate (high io n ic  strength) increased  the a c t iv i t y  
of -üie enzyme, a t optimal d iv a len t m etal io n  concentration , by 
th ree - to  fo u r -fo ld . The minimum optimal concentrations were 
5mM fo r  magnesium and 2 i#  fo r  manganese. For manganese th is  was 
a true optimum, the a c t iv i ty  being lower below and above 2 i# .
A ll concentrations from 2 i#  to  10 r#  magnesium were optim al a t  
high io n ic  stren gth , a t low io n ic  strength  the optim al concen­
tr a tio n  was 2mM and above. The absence o f any d iv a len t m etal
ion  reduced the a c t iv i t y  o f the enzyme v ir tu a l ly  to  zero . The
2+a c t iv i t y  was approximately equal in  the presence o f 5rnM Mg or 
2 i#  Mh^ .^
In 3-day old mouse brain n u c le i BANKS and JOHNSON (1973) 
found approximately equal a c t iv i ty  w ith  optimal concentrations  
of e ith e r  Mg^  ^ or Mn^ ,^ the optima being and 0 .5 i#  resp ec­
t iv e ly .  These assays were in  the dDsence of ammonium sulphate  
but did contain 70^SiiJkC1 . The .add ition  .o f  100 -  150 nM 
ammonium sulphate increased  the a c t iv i t y  of the enzyme tw ofold . 
The p r o f ile s  of magnesium and manganese a c tiv a tio n  curves were 
sim ila r  to those shown in  F igs 13 and 1b , namely a very low a c t i ­
v i t y  in the absence of d iv a len t io n , r is in g , very  sh a ip ly  in  the 
manganese ca se , to  a peak a t  optim al concentration and then
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d ecreasing, and more gradually , reaching a p la teau , in  the mag­
nesium case .
Neuronal n u c le i from adu lt guinea p ig  cortex  also were found
to  ex h ib it  s im ila r  c h a r a c te r is t ic s  to  those described here (KATO
and KUROKAWA, 1970). The magnesium and manganese a c tiv a tio n
cursES a t  high io n ic  strength (300nM ammonium sulphate) had
p r o f i le s  as shown in  Figs 13 and 1b with optima a t and 2itM
r e sp e c t iv e ly . However the maximal a c t iv i ty  in  the presence o f
2mM Mn^ "^  was 3 tim es higher than th a t in  the presence of
Mg. This d if fe r s  q u ite  markedly from the fin d in gs o f Banks and
2+Johnson, even in  ad u lt m use, where the Mn -stim u lated  a c t iv i ty
2+was s l ig h t ly  greater  than the Mg -stim u lated  a c t iv i ty .
j
Response to  io n ic  strength
The v a r ia tio n  in  a c t iv i t y  of the chick brain  enzyme w ith
2+
varying io n ic  strength when stnnulated by Mg (5%#) was very
l i t t l e  d if fe r e n t  to th a t in  the presence of Mn^  ^ (2 i# ) (Fig 15)«
+  24-
Op timum io n ic  strength was provided by 300 i #  NH^  fo r  the Mg
+  24-reaction  and boo mK NHj^  fo r  the Mn reaction , and there was
only an approximately 10^ d ifferen ce  in  a c t iv i ty  between the two
a t  th e ir  resp ec tiv e  optim al io n ic  stren gths = 1 .1 0 ) .
Mh
Other authors have used e ith e r  or both of potassium  
ch lorid e  or ammonium sulphate to  create high io n ic  stren gth  in  
the assay  medium. In general q u ite  c lo se  agreement has been 
found between n u c le i from d if fe r e n t  mammals in  the response of 
RNA polymerase to  such con d ition s o f assay .
Using NH^  ^ alone to  generate high io n ic  stren gth , KATO and 
KUROKAWA (19T0 ) found th a t fo r  neuronal n u cle i from guinea p ig
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300 itM was optim al fo r  and b50i #  fo r  w ith an Mn^ ’*'^
2 + + Mg r a tio  o f 2 a t th e ir  resp ec tiv e  maxima. Also using only NH|^  ,
DRAVID and DUFFY (1969) found ra t co rtex  n u c le i most a c tiv e  in
the presence o f 300 i #  (with UrM Mn^ )^ and in ra t l iv e r
WIDNELL and TATA (1966) found WOr# optim al in  the presence o f
e ith e r  Mg^  ^ or Mn^ ,^ the r a t io  Mn^ ^^ Mn^  ^ being 3»
The ’m ixed-ion’ system s, e s s e n t ia l ly  based upon the assay
of DUTTON and MAHLER (1968) fo r  low io n ic  strength, have used
70mM KOI plus in creasin g  concentrations o f NH^ ^^ . For instan ce
the assay of BANKS and JOHNSON (1973), using mouse brain  n u c le i,
required 50-200mM NH^ *^  fo r  maximal a c t iv i t y  in  the presence of
Mg^^  and l50nM NH^ ^^  in  the presence o f Mn^ .^ The r a t io  o f Mh^^^
Mg^  ^ was 1 .0 -1 .3 . In sheep g l i a l  n u c le i, SLAGEL and AKERS (1972)
using 70itM KOI and 8 i#  Mg^ ’*’, found th at 200 wK NHj^ "^  gave maximal
enzyme a c t iv i ty .  Thus although there was a complex re la t io n sh ip
between io n ic  strength  generated by KOI and NH^ *^ , i t  would appear
th a t higher NI|^  ^ concentrations are needed in  the absence o f KOI
than in  i t s  presence.
R ela tive  ra tes of RNA and p o ly  A syn th esis
The presence of hom opolyribonucleotide polymerases in  
mammalian n u c le i i s  well-known (MANDEL, DRAVID and PETE, 1967; 
KATO and KUROKAWA, 1970), poly-A polymerase and poly-C p o ly ­
merase having the h ig h est a c t i v i t i e s . Although the problem 
of th e ir  contribution  to  the to t a l  la b e lle d  nu cleotid e  in co r ­
poration can be la r g e ly  avoided by the use of la b e lle d  GTP or 
preferab ly  UTP the expense of the assay  i s  appreciably in crea sed . 
For an ex ten siv e  program of assays th is  i s  o f some importance.
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so the con trib u tion  o f poly-A  polymerase to the apparent a c t iv i t y  
o f chick brain ENA polymerase in  t h is  system was measured under 
various conditions of a ssay .
The incorporation  o f ATP in to  product in  the absence of CTP, 
GTP and TJTP i s  shown in  Table 9 , and fo r  comparison the incor­
poration  in  the presence of the other NTPs.
TABLE 9
R ela tiv e  a c t iv i t i e s  of ÿoly-A  
and ENA polymerases in  chick brain n u c le i
+ ^mM + 2 i#  Nh^'^
83 210 + ATP
3822  3131 + n TP
29 123 + ATP
1628 1380 + NTP
-NH^
A ll r e s u lt s  are in  pmol ATP incoiporated/mg, DNA/2 m inutes. A ll  
assays as described in  Methods except th at Mg^% Mh^  ^ or 
were d e le ted  as necessary . ATP alone was a t a concentration  of 
0.2n^j NTP was ATP^  CTP^  GTP and UTP each a t  a concentration  o f  
0.2mM.
In the presence cf 300 mM the poly-A  polymerase rea c tio n
2+was only 2% as great as th a t o f the Mg -a c tiv a ted  ENA polymerase
2+reaction  and only 7% as great as the Mn -a c tiv a ted  ENA polyme­
r a se . Even these va lu es are l ik e ly  to be an overestim ate o f the 
ex ten t o f poly-A  fu n ctio n  in  the ENA polymerase assay . As Kato 
and Kli'rokawa have shown, the presence o f the three other NTPs 
in h ib it s  the form ation o f poly-A . Thus the true a c t iv i t y  o f the  
ENA polymerase i s  not appreciably confounded by the actio n  o f  
poly-A polymerase in  the assay as described h ere.
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R elative incorporation  o f NTPs
To make a sim ple estim ation  o f the type of ENA being pro­
duced by the a c tio n  of the nuclear ENA polymerase the incorpor­
a tio n  o f each o f the n u cleo tid e  triphosphates was measured in  
the presence o f the other th ree . This was done by adding 0.22  
yuCi o f ^^C -labelled ATP, GTP, GTP or UTP to the rea ctio n  medium, 
the concentrations of a l l  the NTPs being equal. Thus the 
s p e c if ic  a c t iv i t i e s  were equal as the contribu tion  to  the 
concentration o f i t s  NTP by the la b e lle d  NTP was le s s  than 2%. 
The r e s u lt s  of the experiment are shown in  Table 10, w ith  the 
incorporation  r a t io s  o f other authors fo r  coirparison.
TABLE 10
R ela tive  incorporations {%) o f nu cleosides  
in to  the ENA formed by ENA polymerase 
in  v itr o  in  sev era l t is su e s
Tissue Nucleoside
(ion)
Adenosine Cytidine Guanosine Uridine  
(A) (G) (G) (U)
Base Ratio  
(A + U 
G + G)
guinea pig
, 1 cortex
(Mg) 22.8 24.3 31 .9 21.0 0.779
(Mn) 22.0 23.8 32 .7 21.4 0.768
2r a t cortex (Mn) 29.9 22.4 30.0 14.7 0.802
3
ra t l iv e r (Mn) 2-h 26 23 27 1 .040
ra t liv er^ (Mn) 12.8 31 .3 26.7 26.3 0.726
(Mg) 1 3 .U 29.8 30.9 26.0 0.649
ra t liv er^ (Mn) 22 .4 22.4 23.5 28.8 1.190
chick brain^ (Mg) 12.8 22.4 28.4 30.1 0.848
(Mn) 13.9 24.9 30 .9 30.7 0.802
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Source: 1 KATO and KÜEOKAWA, 1970
2 DUTTON and MAHLER, 1968
3 WIDNELL and TATA, 1966 
k  BEATO e t  a l ,  1970
2 POGO e t  a l ,  1967
6 th is  study
The ^ r a tio  o f DNA i s  approximately 1 .h  and o f  ribosom al RNA,
0 .6  in  ra t brain (JACOB e t  a l ,  1966), thus the RNA synth esised
by the chick brain  n u c le i appears from i t s  -p r a t io s  to  beÜ + U
predominantly ribosom al, although the h igher ra tio  than many other  
s tu d ies  suggests the presence o f some mRNA. However the percen­
tage incorporation  o f each iso to p e  varied  q u ite  markedly from
report to  rep ort. For instance the r a tio  ^ -" -5  from Dutton andG + Ü
Mahler’s work (1968) was 0.802 and the r a t io  A/U was 2 .0 . In
th is  p resen t work the r a tio  2  ixras a lso  0.802 in  th e presenceu + U
of Mh^  ^ but w ith an A/U r a tio  o f 0.42j & complete r ev e r sa l o f the 
r e la t iv e  amounts o f ATP and UTP incorporated. This e f f e c t  may 
be due to  d iffe re n c e s  in  the base com position o f the DNA being  
transcrib ed  or to  other u n id e n tif ie d  fea tu res  o f the assay  
procedure, e .g .  high io n ic  stren gth  e f f e c t s  which can a lt e r  the  
base r a t io  o f the RNA syu tb esised  (POGO e t  a l ,  1967). In the 
absence o f fu rth er  inform ation as to the mechanism of th is  e f f e c t  
i t  i s  not possib le to  make firm  suggestions as to  the type of 
RNA synth esised  by the chick brain n u c le i under th ese  co n d itio n s.
General D iscu ssion
The a c t iv i ty  o f ENA polymerase ^  v i t r o , as measured by 
the assay  described above, i s  fa r  from presenting  an adequate 
d escr ip tio n  of the l e v e l  o f ENA syn th esis in  v iv o . Large
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d iscrep an cies have been shown to  e x is t  between the ra te  o f in  
vivo  and in  v itr o  syn th esis  although both determ inations are 
fraught with th e ir  own inherent errors. The assay o f RNA poly­
merase i s ,  in  general, based upon maximiâig the ra te  o f in cor­
poration o f an iso to p e -la b e lle d  precursor in to  RNA. This can 
be achieved by magnesium concentrations in  the region o f  
of manganese 2Æ  and of ammonium sulphate o f 300nM. Estim ates 
of magnesium concentration in  the nucleus prepared by organic 
so lven ts  suggests a high in ter n a l le v e l ,  as compared to the  
cytoplasm, of l6 i#  (LANGENDORF e t  a l ,  1961) and 12mM (OKAZAKI, 
SHULL and FARBER, 1968) much grea ter  than th a t found optim al 
in  any in  v itr o  a ssa y s . Manganese concentrations in  the nucleus 
of ra t l iv e r  have been estim ated a t 0.02i>M (FORE and MORTON,
1922; THIERS and VALLEE, 1927). Ions are known not on ly  to be 
concentrated in  the nucleus but to  be concentrated reg io n a lly  
w ithin i t ,  e sp e c ia lly  a t  s i t e s  o f a c tiv e  RNA sy n th esis  during 
m eiosis (TRES e t  a l ,  1972).
The a ctio n  of ammonium ions has been suggested to be 
e ith e r  the in h ib it io n  o f dégradat iv e  enzymes (STEINER and KENG, 
1966), exposure o f more DNA tenç)late by the removal o f h is to n es  
(CHAMBON, RAMUZ and DOLY, 1962) or the a c tiv a tio n  o f la te n t  
enzyme m olecules (WIDNELL and TATA, 1966). Whatever th e ir  a c tio n  
i s  which causes the a ltered  a c t iv ity  o f RNA polymerase, there  
seems to  be l i t t l e  doubt th a t th e ir  e f f e c t  i s  d if fe r e n t  on the 
d if fe r e n t  &rms o f the enzyme. Roeder and Rutter (1969), and 
more recen tly  Banks and Johnson (1973), have demonstrated th is  
very c le a r ly , and some of the products of the reaction s have 
been p a r t ia l ly  d efin ed .
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With the c h a r a c te r is t ic s  o f the MA polymerase in  n u c le i  
from one-day old  chick brain defined and a standard assay  
developed (above) i t  was p o ss ib le  to  look fo r  changes in  i t s  
s p e c if ic  a c t iv i t y  in  the brains o f b irds idiich had been exposed 
to  an im printing stim ulus. I t  was foreseen  th at th is  might be 
a d i f f i c u l t  in v e s t ig a tio n  to  perform because o f the v a r ia tio n s  
in  enzyme a c t iv i t y  between b irds from the sane hatch, which 
could conceivably mask any small changes in  a c t iv i t y .  In the 
f i r s t  experiments th erefore  a p i l o t  study was run using on ly  one 
exposure time (30 m inutes).
LEGENDS TO FIGURES 9-12 .
F ig . 9 A Teflon holder fo r  vmshing g la s s  f ib re  f i l t e r s  from the
RNA polymerase assay . The f i l t e r s  were placed in  the c en tr a l w e ll,  
covered top and bottom by the perforated  covers and immersed in  the 
washing media. (Drawn to o r ig in a l s iz e )
F ig . 10 RNA polymerase a c t iv i t y  (pmol ATP incorporatéd/mg DNA) in  
chick brain n u cle i a t times up to  30 minutes o f incubation a t 37°C. The 
assay medium co n sisted  of: Tris-HGl, lOOmM (pH 8-2); MgCl_, 2mM;
300mM; jS-mercaptoethanol, 2raM; CTP,GTP and UTP, ATP,
0 ‘lmM; 0 ‘ l6 7 ^ C i o f (8-^^C)-ATP. Values are means. (N = 7 a t  a l l - p o in t s )
F ig . 11 RNA polymerase a c t iv i t y  (pmol ATP incoiporated/m inute) in
chick brain n u c le i a t  various concentrations o f enzyme (measured as 
DNA co n ten t). The incubation  was 2minutes a t  37°G. The assay  medium was 
as fo r  F ig . 10. Values are means. (N = 7  a t a l l  p o in ts)
F ig . 12 RNA polymerase a c t iv i t y  (pmol ATP incorporated/mg DNA) in
chick brain  n u c le i a t  severa l pHs. The incubation  was fo r  2 minutes a t  
37°G. The assay medium was as fo r  F ig . 10 except that the gH o f  the 
Tiis-HGl was varied  as necessary . Values are means. (N = 7 a t a l l  p o in ts )
F ig . 13 RNA polymerase a c t iv i t y  (pmol ATP incorporated/mg DNA) in
chick brain n u cle i a t  severa l concentrations o f magnesium. The incubation  
was fo r  2 minutes a t 37°C. The assay medium con sisted  of: Tris-HGl (pH 
8*2), 100 mM; ^-m ercaptoethanol, 2uiM; GTP, GTP and UTP, 0*2inM; ATP,
0*1 mM; 0' 167 Gi o f  (8-^^G)-ATP. ^Gl^was added a t the appropriate  
concen trations. (NHj^ )2S0|^  was e ith e r  omitted (open c ir c le s )  or added a t  
300mM (c lo sed  c i r c l e s ) .  Values are means. (N = 7 a t  a l l  p o in ts )
Fig. ^ k ENA polymerase activity (pmol ATP incorporated/mg DNA) in 
chick brain nuclei at several concentrations of manganese. The incubation 
was for 2 minutes at 37°C. The assay medium was as for Fig. 13 except 
that MnClg was added instead of MgCl^. (NHj^ )2 S0 j^ waseither omitted ( 
open circles) or added at a concentration of 300mM (closed circles). 
Values are means. (N = 7 at all points)
Fig. 12 RNA polymerase activity (pmol ATP incorporated/mg DNA) in 
chick brain nucleic at several concentrations of ammonium sulphate. The 
incubation was for 2 minutes at 37°C. The assay medium was as for Fig.
13 except th at (NH| )^2S0^ was added a t the appropriate con cen tra tion s. 
MgClgWas added a t a concentration o f 2mM (c lo sed  c ir c le s )  or MnClg was 
added a t  2rr^  (open c i r c l e s ) .  Values are means. (N = 7 a t a l l  p o in ts ) .
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CHAPTER V
The r e s u lt s  o f the experiments described in  Chapter I I  gave 
an o u tlin e  o f the changes which occur in  brain p rote in  and n u cle ic  
acid  metabolism o f ch icks when they are exposed to an im printing  
stim u lu s. The most d e ta ile d  inform ation came from the study of 
the e f f e c t s  on u r a c il  incorporation  in to  presumed ENA o f d if fe r e n t  
periods o f exposure (BATESON e t  a l /  1972). A fter  38 minutes» 
treatment there were no d ifferen ces  in  precursor incorporation  
between the three types o f b ird , stim ulus-exposed (E), d if fu s e  
lig h t-ex p o sed  (L) and dark-maintained (D) but a f te r  ?6 minutes 
the incorporation was higher in  the E than both L and D b ird s , but 
in  one brain  region on ly , the foreb rain  ro o f. By 1^0 m inutes » 
treatment both the E and L birds had higher u r a c i l  incorporation  
in  a ll three brain region s than the D b ird s.
If these enhanced incoiporations were the result of 
increased synthesis of RNA and not due to alterations in the pool 
specific radioactivity of the uracil it was possible that such 
an increase had been effected through increased ENA polymerase 
activity. (Such an increase in activity would not be mandatory, 
however, because increased supply of rate-limiting factors (e.g. 
ATP) could produce the same elevated RNA synthesis. It is unlikely 
that such an effect would be seen in the in vitro assay idiere the 
extra-nuclear conditions are identical for all the nuclei.) It 
was predicted that a delay would be found between the time of any 
change in RNA polymerase activity and the detection of alterations 
in the rate of RNA synthesis as measured by uracil incorporation. 
This is because although the change in enzyme activity could be
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v ir tu a l ly  instantaneous and would be detected  as sich, the d e tec ­
t io n  o f a d i f f e r e n t ia l  in  s p e c if ic  a c t iv i t i e s  o f ENA requires  
s u f f ic ie n t  sy n th esis  to  occur to  incorporate enough m dioactive  
u r a c i l  fo r  the absolute magnitude o f the d ifferen ce  to  exceed the  
error in  the measurement. Ju st such a delay  time was observed 
in  the leaction  o f n u cle ic  acid  and p ro te in  metabolism to  hormones 
(HAMILTON e t  a l ,  1968). Thus as the exposure time p o in ts  fo r  
measurement o f u r a c il  incorporation  had been 38, 76 and 1^0 
m inutes, and as no d ifferen ce  in  incorporation  was detected  before  
76 m inutes, i t  seemed reasonable to  choose tim es between 0 and 76 
m inutes. For the prelim inary experiment, to  see i f  any change a t  
a l l  was d e tec ta b le , a time o f 30 minutes was chosen. To reduce 
the experiment to  the sim p lest p o ss ib le  design , only  stim ulus- 
exposed and chrk-maintained b irds were used, the d if fu se  l i g h t -  
exposed b irds being om itted.
The b irds were a l l  hatched and treated  in  equipment a t  
the Sub-Department o f Animal Behaviour, Department cf Anatomy, The 
U n iversity  of Cambridge, a t Madingley, Cambs., according to  the 
methods developed there by P.B.C. Bateson. This was the same 
equipment in  which the e a r lie r  u r a c il  experiments had been perfor­
med. The frozen  U ssue samples were then brought to  the Open 
U n iversity  to  be assayed fo r  nuclear ENA polymerase a c t iv i t y .
M aterials and Methods:
Animals Ross I  type (commercial b r o ile r  s tr a in )  chicks were 
used throughout th ese  s tu d ies . F e r t i le ,  unincubated eggs were 
obtained from Ross Poultry Products, L it t le  Downhan, Cambs., 
and incubated fo r  I 8 days a t 37 .6  -  0.1 °C in  a Western moving- 
a ir  incubator which had been made l ig h t - t ig h t .  At the end o f
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th is  time they were transferred  in  darkness, to  a Curfew obser­
vation  incubator a t  I|.0°C. The b ird s hatched in  darkness on 
approximately Day 21 a fte r  the beginning of incubation and were 
tran sferred , again in  darkness, to  a blacked-out brooder incubator  
a t 33*5 -  0.5°C, g en era lly  w ith in  2 hours o f hatch ing. The time 
required fo r  a l l  the b irds to hatch (on average 85^ o f those  
incubated) was approximately 2k hours, the time a t which h a lf  the 
birds had hatched being c a lle d  the ’hatch m idpoint’ . Only those 
birds which hatched in  the 9-hour period p r io r  to the m idpoint 
( ’ea r ly  hatch ers’ ) were used in  im printing experim ents. This i s  
the same c r ite r io n  as th at used by Bateson (BATESON e t  a l ,  1969). 
The birds were used fo r  experiments a t a mean age o f 18 -  0.^  
hours p ost-h atch . S ix  b irds were drawn from each hatch; three  
were exposed to the stim ulus and three were kept in  the dark. 
Chemicals A ll the chem icals used were the same as those in  
Chapters I I I  and IV.
Behaviour The stim ulus to  which the b irds were exposed c o n s is ­
ted o f a Perspex box (I8cm wide x  9cm deep x  I8cm h ig h ), the la r ­
ger s id es  being opal and the sm aller s id es and top b lack . The 
box was mounted on an Eisenmann recovery v e h ic le  hazard lamp base 
and rotated  around the cen tra l ij.8w bulb a t 8^ rev/m inute (Fig 1 6 ). 
Between the bulb and the w alls  o f the box was a cy lin d er  o f orange 
c e llu lo id  (Cineimoid No. Strand E le c tr ic , London) so th a t the  
e f f e c t  seen, when viewed from the sid e  was one o f a f la s h in g ,  
orange l ig h t .  The stim ulus was situ a ted  a t  the centre o f a c ir c le  
o f, and U c^m from, 12 pens in  which the ch icks were p laced  
(Fig 17), which were approximately 30cm in  each d ir e c t io n  and 
painted matt b a ttle sh ip  grey. S ix  o f the pens had fr o n ts  (th at
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i s  fa c in g  the stiirailns) made of hardboard (L pens), and the  
other s ix  had fro n ts  o f § ” weld mesh (E pens) so th at the birds 
could see , but not approach, the stim u lus. The roof o f the  
centre o f the arena, th a t i s  the area from the fron ts o f the pens 
inwards, was covered over to  prevent l ig h t  from the Ii.O¥ p earl 
bulb, a t  2 metres above tie  centre o f the arena, from reaching  
the E pens through the fr o n t. Thus a ll the pens received  d if fu se  
overhead illu m in ation  but only the E pens received  l ig h t  from the 
stim ulus. The dark-maintained b irds 0 )  were kept in  a dark-box, 
with 9 pens (30cm x  30cm x  30cm) covered by a lig h t-p r o o f c lo th , 
next to  the arena. Thus the D birds experienced the same sound 
and temperature sen sation s as the E and L b ir d s . The tenperature 
in  a l l  the apparatus was 30 -  0.2°G , and was maintained by th em o- 
s ta tted  c ircu la tin g  a ir  from two 3kW in d u s tr ia l fan  h e a te r s .
Frequent checks were made to  ensure th at the temperature d id  not
vary from these l im it s .
This temperature i s  sev era l degress below th a t preferred by 
one-day did chicks (HERBERT and SLUCKIN, 1969) but ensures th a t  
th ey  do not f a l l  asleep  during the experiment (BATESON e t  a l ,  1972).
The chicks were te s ted  a t  the end o f  the experiment, immedi­
a te ly  p r io r  to k i l l in g ,  in  a m att-grey a l le y  120cm long x  16cm 
wide X  30cm high (Fig 18). One end of the a l le y  was blank and 
the other was sea led  o f f  w ith weld mesh, 30cm behind which was 
a stim ulus id e n t ic a l to  th at described above. Each chick was 
te s ted  s in g ly . I t  was placed in  darkness w ith i t s  beak p o in tin g  
towards the side w a ll o f the a l le y ,  and i t s  movements were recor­
ded from the moment a t  which the stim ulus was switched on. I t  
was observed by means o f a m irror, which was the same len g th  as 
the a l le y ,  placed over the a l le y  a t  an angle o f Thus the
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observer, who was in  a darkened part o f the room, could see  the 
bird but i t  was u n lik e ly  to see him and be d is tr a c te d . The 
temperature in  the a l le y  was 26 .0  -  0.^°C. The time taken fo r  
each b ird  to reach a l in e  l^cm from the stim ulus-end o f the a l le y  
was recorded i f  th is  was le s s  than the t e s t  time of 120 seconds.
A ll b irds were l e f t  in  the a l le y  fo r  th is  len gth  o f time even i f  
they had reached the mesh ranch e a r l ie r . At the end o f  i t s  t e s t  
each bird was removed from the a lley  and k i l le d  by d eca p ita tio n .
The brain was removed and d issec te d  rap id ly  in to  three regions; 
forebrain  roof, forebrain  base and midbrain (see  p . i l  ) .  The 
cerebellum  was d iscarded . The t is s u e  p ortion s were frozen  in  
coded, numbered pots on so lid  GOg and stored a t  -20 G u n t i l  being  
assayed fo r  nuclear ENA polym erase.
Preparation of n u c le i and assay o f RNA polymerase a c t iv i t y
This was done according to  the methods described in  Chapters 
I I I  and IV.
The s ix  samples from one stim ulus-exposed and one dark- 
maintained b ird were always worked up and assayed sim ultaneously, 
but the id e n t ity  of each member of the p a ir  was unknown a t  the tim e. 
This code was not broken u n t i l  a l l  the samples from an experiment 
had been processed .
R esults
Behavioural To determine whether or not a bird has been in p rin ted  
on a stim ulus req u ires the demonstration th a t i t  w i l l  choose ihat 
stim ulus when presented with i t  in  the presence o f another, o r ig i ­
n a lly  equally  e f f e c t iv e ,  stim u lu s. The p resen tation  o f the stim u­
lu s  a lon e, with the bird in  s l ig h t ly  s t r e s s f u l  con d ition s (as h ere ) .
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g ives an in d ica tio n  o f i t s  degree o f arousal or a c tiv a tio n  but 
th is  cannot be taken as a true measure of the ex ten t of imprin­
tin g  as s im ila r  r e s u lt s  can be obtained by merely exposing the 
birds to  p la in  l ig h t .  However, in  sp ite  o f the lim ita tio n s  of 
these measurements, i t  was f e l t  th a t i t  was worthidiile making 
th ese observations to  check th a t, a t  the le a s t ,  arousal had 
occurred. I f  th is  was so i t  could be expected th at the b ird s  
had indeed developed some degree o f inprinted  behaviour by 
reference to  e a r lie r  behavioural stu d ies  (BATESON and REESE, 
1969).
Table 11 shows the e f f e c t  of 30 m inutes’ treatm ent on the 
approach times of the two types of b ird s, stim ulus-exposed (E) 
and dark-maintained (D). The values g iven  are the median tim es 
fo r  each group.
TABLE 11
Approach behaviour o f ch icks a fte r  30 m inutes’ treatment
Bird type Median approach time (sec)
Stim ulus-exposed (E) 
Dark-maintainéd (D)
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>120
Median approach tim es (seconds) to  w ith in  li^cm o f the stim ulus in  
a t e s t - a l le y  fo r  chicks exposed to  30 minutes o f stim ulus or dark­
n e ss . (N = 17; H = P -  .002)
I t  was not p o ss ib le  to  ca lcu la te  the mean approach tim es because 
not all b irds reached c r ite r io n , th a t i s  to  w ith in  l^cm o f th e  
stim ulus-end of the a l le y  w ith in  the t e s t  time o f 120 secon d s.
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This was p a r tic u la r ly  true fo r  the dark-maintained b ird s . For 
t h is  same reason the data was analysed fo r  the l e v e l  o f s i g n i f i ­
cance of the d ifferen ce  between the medians by the Mann-¥hitney 
U t e s t .  As had been found in  previous experiments (BATESON e t  
a l ,  1972) the stim ulus-exposed b irds approached the stim ulus 
much more rap id ly  than d id  the dark-maintained b ird s, many o f  
which did not move from th e ir  s ta r tin g  p o s it io n . Thus in  terms 
of th e ir  behaviour the b irds used in  these experiments were 
comparable to  those which had been ijsed in  the precursor in co r ­
poration  experim ents.
RNA polymerase a c t iv i ty
As d iscussed  in  Chapter IV, there were v a r ia tio n s  in  the 
mean enzyme a c t iv i t y  between d if fe r e n t  hatches o f b ird s and 
consequently the data had to  be normalised to  minimise the s c a t­
te r .  Instead of norm alising aga in st a chosen a c t iv i t y  value, 
e .g .  iiOOO pmol ATP incorporated/mg DNA/5 m inutes, an in ter n a l 
standard was used from each experiment. A ll  the samples from 
the b ird s had been worked up and assayed as E-D p a irs  and so 
these should be in te r n a lly  c o n s isten t as to  the e f f e c t s  o f the 
nuclear preparation and assay on the enzyme a c t iv i t y .  The 
enzyme a c t iv ity  data, in  d is in teg ra tio n s  per minute (dpm) 
incorporated/mg DNA, from each brain region  o f ihe two animals 
of the E-D p a ir  were expressed as percentages of the man a c t i ­
v i t y  o f a l l  o f them. Thus fo r  the foreb rain  roof ( f r )  o f the 
stim ulus-exposed b ird  (E), the percentage r e la t iv e  a c t iv i t y  was 
■ r^-E X 100^ where "^ E-D = (" r^-E + "^-E + "^ m-E + ^r-D + ^ -D  
^ _ D  + ^r-D + \ - D  + ^m-D)/6
This data i s  shown in  Table 12.
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TABLE 12
R ela tive  RNA polymerase a c t iv i t i e s  in  n u c le i  
from three brain  regions o f chicks exposed 
to  an in p rin tin g  stim ulus 
fo r  30 minutes or kept in  darkness
Bird type
Brain Region
Forebrain roof 
(^)
Forebrain base 
(^)
Midbrain
{%)
Stim ulus-exposed (E) 
Dark-maintained (D ) 
E/D 
P é
110.3 -  7 .6  
8 2 .U -  7 .9  
1.3k  
0.02
12k.3 -  8 .6
102 .k -  9 .3  
1.21 
0 .09
109.6 -  8 .6  
97.6 -  7 .3  
1.12  
N.S.
The le su its  are ca lcu la ted  as percentages o f the mean a c t iv i t y  of 
a l l  the brain regions o f an E-D p a ir  (see t e x t ) .  Values are mean 
-  s .e .m . S ig n ifica n ces  are ca lcu la ted  by Students’ t - t e s t .
(N = 1?3 except roof o f E, where N = 1^)
There was a s ig n if ic a n t  increase (P -  0 .02 ) o f  3b# in  RNA 
polymerase a c t iv i t y  in  the forebrain  roof o f stim ulus-exposed  
b ird s as compared to  dark-maintained, but no s ig n if ic a n t  d i f f e ­
rences in  th e  forebrain  base or midbrain.
This su b sta n tia l e lev a tio n  in  enzyme a c t iv i t y  in  the fo r e ­
brain roof a fte r  30 minutes o f  exposure to  the stim ulus ms
3greater than had o r ig in a lly  been expected. In the H -u racil 
incorporation  stu d ies a 17  ^ in crease  had been found in  incorpora­
tio n  in  the forebrain  roof only o f 76-minute stim ulus-exposed as 
compared to  dark-maintained b ird s . This was a f te r  1^0 minutes 
of incorporation , and th is  in crease  had probably only occurred  
w ithin  the la s t  75 minutes o f  la b e llin g  time (see  Fig 1 9 ) .  No 
d ifferen ce  between the 76-minute E and the D b irds would have
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ex isted  in  the f i r s t  37 minutes o f incorporation  in  darkness 
because th e ir  con d ition s had been id e n t ic a l, and during the next 
38 minutes of exposure no d ifferen ce  in  incorporation  had ex isted  
such as to  have caused any d etec ta b le  d if f e r e n t ia l  a fte r  the 150 
minutes incorporation , a t le a s t  in  the 38-minute treated  b ird s .
Thus a l l  incorporation  changes had occurred w ith in  the next 150 -  
(37 + 38) = 7 5  m inutes. The 17^ d ifferen ce  found could have been 
due to e ith e r  or both o f  increased  syn th esis  and reduced degrada­
tio n  o f ENA (assuming th a t the n et sy n th esis  ra te  o f ENA had 
a ltered  and the e f f e c t  was not due to  pool s p e c if ic  r a d io a c t iv ity ) .  
I f  no dégradat iv e  changes had occurred, a maximum increase in  ENA 
syn th esis  o f 17# would have had to have occurred to  have produced 
the +17# incorporation  .d ifferen ce  a t  150 m inutes, and hence a 
constant 17# in crease in  enzyme a c t iv i t y  over th a t period would 
have been needed to produce i t  (Fig 1 9 ) . I t  seems u n lik e ly  th a t  
such a s iiip le  model could hold true as an explanation  of th ese  
even ts. A shorter period o f increased  ENA polymerase e .g .  +3k%) 
over about h a lf  the 75-minute period, would have produced the 
same r e su lt;  in  other words the increased  enzyme a c t iv i t y  may 
have la s ted  on ly  as long as the stim ulus was p resen t, there being  
no d ifferen ce  in  u r a c il incorporation  ra tes over the second dark 
p eriod . Also the delay time between the onset o f increased  a c t i ­
v i t y  of ENA polymerase and the d e tec tio n  of an in crease  in  i t s  
product, ENA, measured by u r a c il  incorporation  i s  unknown.
This prelim inary study demonstrated the p o s s ib i l i t y  of 
measuring changes in  ENA polymerase a c t iv i t y  in  cerebral n u c le i  
in  response to a ltered  environmental s t im u li, the f i r s t  time 
th at th is  had been done. I t  i s  suggested th a t the e f f e c t s  of
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increased  ^H-uracil incorporation  reported p rev iou sly  had some 
b a sis  in  a ltered  RNA syn th esis because the ^  v itr o  enzyme assay, 
although not a true measure of RNA syn th esis  ^  v ivo , was free  
from the problems o f changed precursor pool sp e c if ic  r a d io a c t iv ity .
However the d ifferen ce  in  magnitude of the two aspects o f  
the response o f  cerebral RNA metabolism to the stim ulus in d ica ted  
th a t a very simple model o f th e ir  in ter r e la t io n sh ip  was not v a lid  
and i t  was th erefore o f in te r e s t  to  look  a t the a c t iv i t y  o f RNA 
polymerase a t  both shorter and longer tim es o f exposure to tr y
to  c la r ify  th is  p o in t.
(The r e su lts  upon which th is  chapter i s  based have been 
published -  HAYWOOD e t  a l ,  1970»)
LEGENDS TO FIGURES 16-19.
F ig . 16 Stimulus to  which b irds to be imprinted were exposed. The
two shorter s id es  o f the Perspex box were black, the longer s id es  were 
op a l. The box ro ta ted  a t 85 rev/m in around the cen tra l bulb, which was 
enclosed  in  an orange f i l t e r .  (b=bulb; o = f i lt e r )
F ig . 17 The equipment in  which the stim u lu s- and d if fu se  ligh t-exp osed  
birds were placed during the experiment ("arena"). The E pen fr o n ts  were 
made from weld-mesh (dotted l in e s )  and those o f the L pens from hard­
board (so lid  l i n e s ) .  The stim ulus was placed a t the centre o f the arena. 
The temperature in  the apparatus was 30°G.
F ig . 18 The equipment in  which a l l  b ird s were te s te d  fo r  th e ir  response
to  the stim ulus a f t e r  treatm ent (" a lley " ). Birds were placed on the  
cen tra l c ir c le  and were fr e e  to  approach the stim ulus (LHS of diagram) 
or withdraw from i t . The temperature in  the a l le y  was 26°C.
F ig . 19 P o ssib le  changes in  RNA polymerase a c t iv i ty  which could  
account fo r  the 1 7^ in  crease in  ^^D-uracil incorporation  in  76-minute 
stim ulus-exposed b ird s .
U = ex ten t o f  u r a c il  incorporation  
P = RNA polymerase a c t iv i t y  
E = stim ulus-exposed b irds  
D * dark-maintained b irds
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CHAPTER V I
The d e c is io n  to  extend the sca le  o f biochem ical operations  
on imprinted ch icks n e c e ss ita te d  the construction  o f behavioural 
tra in in g  equipment a t M ilton Keynes* This was id e n t ic a l  to  th a t  
s ite d  a t Madingley and as described in  Chapter V. In order to  
check th at the r e s u lt s  obtained a t Madingley in  previous exp eri­
ments were reproduceable^ and thus th at the r e su lts  o f fu rther  
experiments would be compatible and comparable with them  ^ an 
experiment o r ig in a lly  done a t  Madingley was repeated a t M ilton  
Keynes. The experiment chosen was the study o f the e f fe c t s  o f  
d if fe r e n t  periods o f exposure of chicks to the im printing  
stim ulus on the incorporation  o f u r a c il  in to  brain RNA* This 
was chosen because i t  gave the maximum amount of inform ation  
about the s ta te  o f the b ird s , both behavioural and biochem ical, 
of a l l  the experiments so fa r  performed, y e t  required r e la t iv e ly  
sim ple biochem ical nan ipu lations. Although there were sev era l 
p o in ts  open to c r it ic ism  in  the experim ental ^ s ig n  (see  p. 14-) 
the same schedule o f events was fo llow ed so th at a Æ rect 
comparison could be made w ith the e a r lie r  r e su lts  . However 
the use of tr itiu m  as iso to p e  was f e l t  to be too l ik e l y  to  
introduce errors in to  the determ ination of the ex ten t o f  
u r a c il  incorporation (see p ,?  )and consequently C -u racil was 
used in stead .
M aterials and Methods;
Animals Ross 1 chicks were hatched as described in  Chapter V 
and used a t a mean age of 18 hours p ost-h atch .
71
Chemicals U ra c il-2 -lUC (s p e c if ic  a c t iv i t y  >^0 mCi/mmol) and
n racil-5 -3H  (s p e c if ic  a c t iv i t y  1000 mCi/mmol) were from the 
Radiochemical Centre, Amersham, Bucks., U.K.
NCS s o lu b il is e r  was from Amersham/Searle, I l l in o i s ,  U.S.A.
PPO s c in t i l la t o r  (2 ,5-d iphen yloxazole) was from Packard Instru­
ment Co., I l l i n o i s ,  U.S.A.
Bovine serum albumin and u r a c il  was from Sigma Chemical Co., 
London, U.K.
A ll other reagents were from BDH, Poole, Dorset, U.K., and were 
of Analar Grade.
Behaviour and Biochemistry:
Ten birds vere taken from each hatch and divided in to  f iv e  
equal groups;
dark-maintained (U)
38-minute d if fu se  lig h t-ex p o sed  (38L)
38-minute stim ulus-exposed (38E)
76-minute d if fu se  lig h t-ex p o sed  (?6L)
76-minute stim ulus-exposed (76E)
Schedules were drawn up so th a t the order in  which b ird s were 
removed from the 33 C brooder incubator, exposed and k i l le d  
was varied  fo r  each experiment to  e lim in ate  'o r d e r -e ffe c ts* .  
Each bird was la b e lle d  by means of a numbered, sm all s e l f -  
adhesive la b e l on i t s  back. This code was varied  so th a t when 
the samples were worked up and analysed (two days a f t e r  the 
behavioural part o f the experimient) each sample was to a l l  
in ten ts  and purposes unknown and an element o f ’blindness* was 
introduced. The general design of the experiment was as in
Fig 5 •
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Immediately before in je c t io n  each bird was numbered and 
weighed. The pericardiac in je c t io n  was performed by in se r t in g  
the f u l l  len gth  of a 2? gauge needle (length 10mm) on a 1 ml 
(disposable syringe ju s t  below the cen tre of the caudal t ip  o f  
the sternum a t to the v e r t ic a l .  P i lo t  experiments with dye 
showed th at the t ip  of the needle m issed the heart but was 
p osition ed  c lo se  to i t .  li^Ci o f C -uracil were in jec ted  in  a 
volume of 0.1m l of 0,9% (w/v) sodium ch loride so lu tio n  a t  30°C.
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Most b irds seemed to  su ffe r  no obvious i H - e f f e c t s  a fte r  in j e c ­
t io n  and very few died as a r e su lt  o f i t .
Before repeating the experiments to  observe the e f f e c t s  
on u r a c il  incorporation in to  ch icks o f exposure to the imprin­
tin g  stim ulus the b asic  k in e t ic s  o f u r a c il  uptake and in co r ­
poration  were stu d ied . This was done by in je c t in g  sev era l 
18 hour-old chicks as described above, keeping them a t  30°C in  
the dark, and k i l l in g  them a fte r  varying tim es. The b irds  
were k i l le d  by d ecap ita tion , the sk u ll opened and tie  forebrain , 
midbrain and cerebellum  l i f t e d  out on a sp atu la . The cere­
bellum was cut away and discarded . The d is se c t io n  was as  
described above (p .1 % ); the forebrain  roof ani base were sepa­
rated w ith the a id  of a p la s t ic  mould. This was made from  
black epoxy r es in  which had been allowed to  s e t  around a 
form aldehyde-fixed chick foreb ra in . The forebrain  to  be d is ­
sected  was la id  in  i t  with i t s  roof in s id e  the moulded area and 
held l ig h t ly  in  p o s it io n  w ith one f in g e r . A razor blade was 
then passed across the f l a t  surface of the mould thus d is s e c ­
tin g  the (upper) base from the (lower) r o o f . On the b a s is  of 
the wet weight r a t io  between roo f and base, the error in  d is ­
sec tio n  was in  g n e r a l only -  10%. The same mould was used fo r  
fli 1 experiments to  ensure the com parability o f c issected  t is s u e  
p ortion s. These t is s u e  portions were frozen  in  numbered p o ts  on 
so lid  carbon dioxide and kept a t  —20 C u n t i l  a n a ly s is . A ll  the  
samples were worked up togeth er . They were homogenized in  ^ .0  
ml of 0.9% NaCl w ith an M.S.E. top drive macerator fo r  60 
seconds a t  2^00 rpm. A liquots were taken fo r  p rote in  e s t i ­
mation (LOWRY e t  a l ,  195^), t o t a l  r a d io a c tiv ity  and acid  in so lu b le  
r a d io a c tiv ity . T otal r a d io a c tiv ity  (T) samples were p laced
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d ir e c t ly  in to  s c in t i l la t io n  v ia ls  contain ing O.^ml NCS and 
heated a t  I|.0°C fo r  30 minutes to d ig e s t  them. The a c id -in so lu b le  
(AI) samples, on ic e ,  had ic e -c o ld  10^ (w/v) TO A w ith lOr# 
u r a c il  added to  a f in a l  TGA concentration  o f were l e f t  fo r  
30 minutes a t  k^G to  coagulate th e p r e c ip ita te  and then c e n tr i­
fuged a t 2000 gav fo r  minutes in  an MSE M istra l cen tr ifu ge  
a t  The supernatants were decanted, the p e l l e t s  re suspen­
ded in  TGA with 10nM u r a c il  and cen tri'fqgèd-as before. This 
was repeated two more tim es. The p e l le t s  were drained of 
excess liq u id , had O.^ml NGS added and were d igested  a t  UO°G 
in  a heating block (Dri-Block, Techni Instrum ents, Cambridge).
A ll the AI and T d igested  samples were d isso lv ed  in  10ml of a 
s c in t i l la n t  c o n s ist in g  o f 6g / l  PPO in  a 1:1 mixture of to luene  
and nethoxyethanol and counted fo r  r a d io a c tiv ity  in  a Beckman 
LSI 50 liq u id  s c in t i l la t io n  spectrom eter. The r e s u lt s  were 
expressed as a c id -in so lu b le  d is in teg r a tio n s  per minute per mg 
p rotein  (AI dpm/mg p ro te in ) or as a c id -so lu b le  d is in te g r a tio n s  
per minute per mg p ro te in  (which were ca lcu la ted  by ( to ta l  -  
AI dpm) (AS dpm/mg p r o te in ) . Thus th e AI data represented the  
degree to which rad io a ctiv e  u r a c il  had been incorporated in to  
ENA and the AS data the amount o f im incoiporated  rad ioactive  
u r a c il le f t  in  the t is s u e .  A ll the data was r e la ted  to the 
p rotein  content of toe t is s u e  and not to  i t s  ENA and th erefore  
there are inherent assumptions th a t, (a) the r a t io  of ENA to  
p rote in  in  a l l  the t is s u e s  did not change over th e course o f  
the experiment, and th a t, (b) i f  the chick brains d iffe re d  
w ith resp ect to  to is  r a t io  a t the s ta r t  o f the experiment, 
such v a r ia tio n s  were randomly d is tr ib u ted  throughout the sev era l
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experiiaental types o f b ird . I t  would have been more rigorous 
to  have re la ted  the u r a c il  incorporation to  the t is s u e  ENA con­
te n t , but as the assay  fo r  ENA i s  considerably more d i f f i c u l t  
than th a t fo r  p ro te in  th is  was f e l t  to  be unnecessary. I t  i s  
rather u n lik e ly  th a t there were changes in  the ENA : p ro te in  
r a tio  over the experijtiental period  o f 150 minutes which could  
have been detected  by standard whole t is s u e  assays.
E esu lts
Behaviour As tefore (Chapter 7) the tim es taken fo r  the birds  
to  approach to w ith in  iHcm o f the stim ulus-end of the a l le y  
were recorded. The medians o f these tim es are shown in  Table 13*
TABLE 13
Median approach tim es (seconds) 
fo r  each category o f bird
Duration o f exposure 
to  cond ition  (m inutes)
Condition Q_________3§______  76
Stim ulus-exposed (E) -  37
Light-exposed (L) -  88 53
Dark-maintained (D) >120
Median approach tim es (seconds) for  groups of ch icks exposed to  
darkness (D) and 38 or ?6 minutes o f stim ulus (E) or d if fu se  l i g h t  
(L ). (N = 12) The d ifferen ce  in  the medians between the D group 
and a l l  other groups i s  s ig n if ic a n t  (U ^ 19, P 0.001 ) .  The 
38-minute groups are s ig n if ic a n t ly  d if fe r e n t  from each other  
(U ^ 25, P -  0 .005 ) as are the 76-minute groups (U -  39,
P  ^ 0 .0 5 ) .
76
As expected from previous reports there was a s ig n if ic a n t  
decrease in. the median approach tim es o f the E and L groups with 
resp ect to  the D group, and a lso  d ifferen ces  between the E and L 
groups them selves a f te r  38 and ?6 minutes o f treatm ent.
1 iBiochem istry The ra te  o f  incorporation o f C -uracil in to  acid -  
in so lu b le  m ateria l (presumed RNA) was approximately lin e a r  in  
a l l  three brain regions fo r  2 .5  hours a fte r  in je c t io n  (Fig 2 0 ) ,  
and then le v e l le d  o f f  rap id ly . The amount o f acid -so lu b le  
r a d io a c tiv ity , th at i s  m ostly fr e e  rad ioactive  u r a c il ,  rose from 
i t s  i n i t i a l  value a t 0 minutes a f te r  in je c t io n  to a peak (prob­
ably before 1 hour, the e a r l ie s t  time p oin t on the graph) and 
then d eclin ed  lin e a r ly  over th is  same period (Fig 21). No 
d ifferen ces  in  s p e c if ic  a c t iv i ty  (as <%)m/mg p ro te in ) were d etec ­
ted between the brain regions with respect to  e ith er  incorporated  
or pool u r a c il  (Table ill-).
TABLE 1U
S p ec ific  r a d io a c tiv ity  o f incorporated  
and free  1ij.C-uracil in  three brain  
regions of chick a t severa l tim es a fter  in je c t io n
Brain Region
Time (hr) Roof Base Midbrain Form
1 15 .U — 2 .I4. 13.9 -  1 .9 13.6 -  2.2 AI
255 -  ii8 287 -  29 2li1 -  3k AS
2 26.6  -  It.1 26.0 -  3 .8 2U.9 -  3 .7 AI
iliU -  27 151 -  26 152 -  31 AS
3 31.9 -  5 .5 30.0 -  U.8 32.7 -  6 .6 AI
78 -  111 83 -  18 81 -  17 AS
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S p e c ific  a c t iv i t i e s  (dpm/mg p ro te in ) o f  -u r a c i l , in  a c id -so lu b le
(a s ) and a c id -in so lu b le  (AI) fra c tio n s  o f three reg ion s o f chick  
b rain . Determinations were as in  Methods. Values are mean to  
-  s .e .m . (N = 6, a t  a l l  p o in ts .)
Thus in  a l l  three brain region s the p attern  of la b e llin g  of a c id -  
in so lu b le  m ateria l fo llo w s the general pattern  expected from a 
precursor-product re la tio n sh ip  (ZILVERSMIT e t  a l ,  19ii3) .
The r e su lts  o f the e f fe c t s  o f exposure o f birds to an
im printing stim ulus or to d if fu se  overhead l ig h t  on the  ^^C -uracil
in co ip oration  in to  a c id -in so lu b le  and so lu b le  m aterial are shown
in  F igs 22 & 23. Because the average rate  of incorporation varied
from batch to batch, w ith  consequent e f fe c t s  on the s c a tte r  o f
the data, the r e su lts  had to be norm alised. To correct fo r
v a r ia tio n s in  bird w eight, which would a f f e c t  the absolute
amount o f ^C -uracil present in  the brain even w ith a constant
amount in jec te d , the s p e c if ic  a c t iv i t i e s  of both the AI and AS
fra c tio n s  were corrected  to what they should have been a t  a
th e o r e tic a l body w eight of ^Og. This was done by m u ltip ly ing
the s p e c if ic  a c t iv i t i e s  fo r  each b ird by the fa c to r
-Z_—  -------------   _ derived from i t s  r ea l w eight. (The normalactu al w eight in  g)
range of bird weights was i|0 -  55g;) To co rrect the data fo r  
batch v a r ia tio n , the AI and AS r e s u lt s  from each batch were 
normalised about the nean of the AI and AS valu es r e sp e c t iv e ly  
fo r  a l l  the brain regions of a l l  th e  D b irds in  th at batch , 
th is  mean being given  the arb itrary  value o f 1 .000.
This experiment on the incorporation of ^^G-uracil in to  
ENA as a fin c tio n  of exposure of the chicks to s t im u li was a
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3rep eat of the e a r lie r  H -u racil experiment by Bateson, Rose and 
Horn (1972) . Consequently i t  was f e l t  th a t to show the trends 
which had occurred in  the incorporation  o f u r a c il in to  the 
d if fe r e n t  brain regions o f the various groups o f b ird s was 
s u f f ic ie n t ,  and th at the p u rsu it of rigorous s t a t i s t i c a l  
s ig n ifica n ce s  in  the r e s u lt s  was unnecessary. Only twelve 
b irds were used in  each group (drawn from s ix  hatches) and 
p ro b a b ility  le v e l s  of ]ess than 0.1 were taken as accep tab le .
A s l ig h t ly  d if fe r e n t  s e r ie s  of changes in  the incorpora­
tio n  o f  ^^ C -uracil in to  RNA were found than had beeni reported
g  I
e a r lie r  in  the incorporation  o f H -uracil (F igs 6 and 22 respec­
t iv e ly )  . In the foreb rain  roof o f the stim ulus-exposed b irds
1 iithere was an e lev a tio n  in  C -uracil incorporation  ^ t e r  38 
minutes o f treatment as compared to  the tork-maintained b ird s  
( 3 ^  _ 1 p ^ 0 .0 8) but not to  the d if fu se  ligh t-exp osed  
b ird s. This increased  in co ip oration  was maintained: up to  76 
m inutes’ exposure (-^^ = 1 .15; P -  O.O8 ) , and a f a l l  in  
incorporation  in  the d if fu se  ligh t-exp osed  b irds between 38 
and 76 minutes ( ^  = 1.17= P ^ 0 .09 ) resu lted  in  a large  
d ifferen ce  between the two exposed groups a t the la te r  time
= 1.33; P 6 0 .03) .
By con trast, in  the "^H-uracil experiment, although there  
was no incorporation d ifferen ce  between the dark-maintained and 
d iffu se  ligh t-exp osed  birds in  the forebrain  roof a t e ith e r  
time, there was a lso  no decrease in  incorporation  in  the la t t e r  
group over the period 38 to  76 m inutes. The stim ulus-exposed  
groups a lso  reacted somewhat d if fe r e n t ly  in  the two experim ents.
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Whereas in the C- experiments there was an increase in incor­
poration in the forebrain roof of the E birds as compared to
the D birds after 38 minutes, there was no difference between
3
these groups at this time in the H experiment and the 
increased incorporation in the E birds appeared only after 76 
minutes. The magnitude of the changes was approximately the 
same in both experiments = 1.15^ = 1.17)* If
the earlier appearance of a difference in incorporation between
lii 3the E and D birds in the C experiment than in the H one were
the result of the earlier onset of the same train of biochemical 
events, then from the data on ^H-uracil incorporation after 150 
minutes of exposure, where in the forebrain roof - = 1.33 
(BATESON et al, 1972) one would have expected that the diffe­
rence between E and D birds at 76 minutes would be greater than 
at 38 minutes. This was not so.
1 llThe decline in incorporation of C-uracil in the diffuse
light birds was a whole forebrain phenomenon; in the forebrain
base between 38 and 76 minutes of treatment the incorporation
fell (-2S = 1 .1 8; P - 0 .0 9). Again this decline was not found 
76L ^
in the forebrain base of diffuse light-exposed birds in the H 
experiment.
In both experiments there were no differences in uracil 
incorporation into the midbrain between the five groups of birds 
Fig 23 shows the acid-soluble, i.e. free pool radioactive 
uracil, specific activity in the five groups of birds in the 
^^C experiment. There were no differences in this parameter 
between any of the groups. However the variations between 
birds in the amount of free radioactivity in the brain was
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quite considerable, as the data shows. This variation was not 
reflected in the incorporation data, suggesting that there were 
no rate-limiting effects due to uracil availability in the 
brain, although this does not rule out constraints due to the 
more immediate precursors of ENA, such as UTP. In the absence 
of information as to the specific radioactivity of the immediate 
RNA precursors, calculations of relative specific activity, i.e« 
(AI dpm/mg protein/is dpm/mg protein), yield little in the way 
of useful data. This is especially true when, as here, the 
added precursor is several steps removed from the final precur­
sor. Also the measurement of pool size at the end of the 
period of incorporation necessarily cannot take into account the 
fact that it may vary greatly within the incorporation period.
It is quite likely that the pool size will have altered between 
the end of the exposure period and the time of killing (56 and 
37 minutes respectively for the 3 8  and 7 6 -minute treated birds).
The discrepancies between the iwo different isotope experi­
ments in the incorporation of uracil into RNA in the forebrain 
roof of stimulus-exposed birds and in the whole forebrain of 
diffuse light-exposed birds remain unresolved. They may be due 
to a qual-itatively different reaction to the diffuse light 
situation by the birds used in the two experiments. If so this 
would leave future studies open to serious doubts as to their 
reproduceability. However, it has been generally noticed that, 
within reasonable experimental variation, batches behave in a 
quantitatively similar manner, both with respect to behaviour 
and biochemistry. This suggests that there was some factor(s) 
in the diffuse light situation here which differed from that
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of the prior Madingley experiment. Such variables are likely 
to be; tenperatiire variations and differences, sound levels and 
the degree of social interaction between the chicks, which were 
not kept isolated from one another at all times, but in small 
groups. In subsequent experiments this was corrected by 
keeping the birds in individual pens at all times.
In spite of these discrepancies it was decided that the 
results of the two experiments were basically compatible, and 
that for complex behavioural experiments of this type general 
agreement was satisfactory. It would be undesirable, however, 
to conduct experiments which were mutually dependent without 
first ascertaining the results in both systems.
LEGENDS TO FIGURES 20-23.
F ig . 20 S p ec ific  r a d io a c tiv ity  (dpm/mg prote in ) o f a c id -in so lu b le
1 iim ateria l in  chick brain a t  sev era l tim es a f te r  in je c t io n  o f C -u racil.
See Methods fo r  d e t a i l s .  Values are mean + s .e .m . (N = 6 ) .
F ig . 21 S p ec ific  r a d io a c t iv ity  (dpm/mg p rote in ) o f a c id -so lu b le  
m ateria l in  chick brain a t sev era l tim es a f te r  in je c t io n  o f ^^C-uracil. 
See Methods fo r  d e t a i l s .  Values are mean + s.e .m . (N = 6 ) .
F ig . 22 S p ec if ic  r a d io a c tiv ity  (as % o f mean of brain  of dark-main­
tained bird) o f a c id -in so lu b le  m aterial a f t e r  ^^C-uracil in je c t io n  in  
three brain regions o f chicks exposed to  e ith e r  an im printing stim ulus  
(so lid  l in e s )  or d if fu se  l ig h t  (dotted l in e s )  or kept in  darkness (on 
Y -a x is ) . See Methods fo r  d e t a i l s .  Values are mean + s .e .m . (N = 1 2 ) .
a) forebrain  roof 38E V D P < 0-08
?6E V D P ^  0-08
38L V 76L P $  0-09
76e V 76L P 0-03
38l V 76L P <  0-09b) forebrain  base
c ) midbrain
F ig . 23 S p ec ific  r a d io a c tiv ity  (as # o f mean of brain  o^ dark-main­
tained  bird) of a c id -so lu b le  m ateria l a fte r   ^^C -uracil in je c t io n  in  
three brain regions of chicks e:q)osed to  e ith e r  an im printing stim ulus 
(so lid  l in e s )  or d if fu se  l ig h t  (dotted l in e s )  o f kept in  darkness (on 
Y -a x is ) . See Methods fo r  d e t a i l s .  Values are mean + s .e .m . (N = 1 2 ) .
a) forebrain  roof
b) forebrain  base
c) midbrain
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CHAPTER V I I
The changes in  incorporation  of ^^G-nracil in to  RMA in  the 
one-day old chick brain as a r e s u lt  o f varying periods o f expo­
sure to e ith e r  d if fu se  l ig h t ,  an im printing stim ulus, or darkness 
had proven to be s im ilar  in  some resp ec ts , but not a l l ,  to  the
3
incorporation  o f H -u racil. In p a r ticu la r , the increased in cor­
poration appeared a t 38 minutes, rather than ?6 m inutes. This 
experiment had been the behavioural and biochem ical ’t e s t ’ o f  
the im printing equipment a t M ilton Keynes, and i t  was then 
appropriate to  perform fu rther experiments on the a c t iv i t y  o f  
■ RNA polymerase chosen as a consequence o f the 30-minute p re lim i­
nary experiment (Chapter V). A fter  30 minutes of ecposure to  
the stim ulus the a c t iv i t y  o f nuclear MA polymerase in  the fo r e ­
brain roof o f chicks was higher by 3h% than th a t in  unexposed 
birds, and in  the forebrain  base by 2^%. I t  was th erefore of  
in te r e s t  to  determine whether the same r e su lt  could be obtained  
a t M ilton Keynes, i . e .  confirm ation of the e a r lie r  r e s u lt ,  and 
to see whether any e f f e c t s  could be detected  e a r lie r  than th is  
time and fo r  how long afterwards they la s te d .
M aterials and Methods;
Animals Ross I  chicks were hatched and reared in  is o la t io n  
u n t i l  18 hours post-hatch  as described before (Chapter V, p. 6#) .  
Chemicals These were as used in  the experiments in  Chapters 
I I I  and IV.
Behaviour Thirteen birds were taken from the early part of the
hatch and d ivided one in to  each o f th ir te e n  groups:
n a ive , and a stim ulus-exposed, a d if fu se  lig h t-ex p o sed  and a
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dark-maintained a t  each o f fou r tim es: 1 30, ij.5 and 60 minutes
of treatm ent. The b ird s, except the naive which was l e f t  in  the 
33°C dark brooder incubator, were exposed to  th e ir  resp ectiv e  
treatm ents as shown in  Fig 2 i |. Because o f  the arrangement of 
the treatm ents tie birds were a l l  a t the same mean age when 
k i l le d ,  but d if fe r e d  s l ig h t ly  in  th e ir  age a t the on set of 
treatm ent. To reduce any order e f fe c t s  in  the treatm ent -of 
the b ird s, four ’schedules' were drawn up which were used to  
a ssig n  the order by which b ird s were introduced in to , and 
removed from, the arena and dark-box. In a la te r  s e r ie s  o f 
experiments b irds were treated  fo r  120 minutes in  each of the 
three co n d ition s. The time required to  t e s t ,  k i l l  and d is s e c t  
a bird was four minutes and so the end-point of the whole 
experiment was not as sharp as in d icated  by Fig 2i;. The naive  
birds were not te s te d  but were k i l le d  immediately on removal 
from the dark-brooder. The t is su e  samples were prepared, coded 
and frozen  as described before (p. 4*f*).
Preparation o f n u c le i and assay of MA polymerase The n u c le i 
were prepared and assayed fo r  th e ir  MA polymerase a c t iv i t y  
as described in  Chapters I I I  and IV.
Not a l l  the samples (39) from each hatch could be worked 
up and assayed in  one sess io n  and so those from one time p o in t  
were worked up each day, the order in  which they were done 
( i . e .  1^, 30, and 60) being randomised fbom week to  week.
’The samples from the naive b irds were worked up with one o f  
the other time p oin t sairples.
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R esults ;
Behavioural The median approach times fo r  the birds in  each 
category (except n a ive) are shown in  Table 1^.
TABLE
Median approach time 
fo r  each experim ental type o f bird
Duration o f eigosure  
to  cond ition  (minutes)
Bird Type 15 30 60
Stim ulus-exposed (E) 6h 53 31 >120
D iffu se  l ig h t -  
exposed (l ) 33 31 h6 58
Dark-maintained (D) >120 >120 >120 >120
Values are the medians o f the tim es taken fo r  each group o f birds 
to approach to w ith in  l^cm of the stim ulus-end o f the a l le y  (see  
Methods fbr d e t a i l s ) .  The duration o f the t e s t  fo r  a l l  b irds was 
120 seconds. In a l l  cases except the 60E group the stim u lus-  
exposed and d iffu se  ligh t-exp osed  groups approached the stim ulus  
fa s te r  than th e ir  corresponding dark-maintained groups. (P -  0 .02  
by Mann-Mhitney U. )
None o f the dark-maintained groups reached c r ite r io n , th a t i s  
approached to w ith in  l^cm of the stim ulus-end of the a l le y  w ith in  
the t e s t  time of 120 seconds. As had been observed before  
(BATESON e t  a l ,  1972), both the stim ulus-exposed and d if fu s e  
ligh t-exp osed  groups approached the stim ulus more rap id ly  than 
the dark-maintained groups, although there was no s ig n if ic a n t  
d ifferen ce  between the two groups them selves. The excep tion  to
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th is  was the 60-minute stim ulus-exposed group (60E) which con­
tained severa l unresponsive b irds and thus the median was ra ised  
to  > 1 2 0  seconds. Birds were not rejected  fo r  enzyme assay  
from any o f the stim ulus-exposed groups i f  they did not approach 
the stim ulus w ith in  the a llo ca ted  time because i t  was f e l t  th at  
th e ir  lesponsiveness in  2 minutes in  the a l le y  was not a s u f f i -  
cc ien t in d ica to r  o f th e ir  degree o f in p r in tin g . Moreover, even 
had the t e s t  been a more adequate measure o f the ex ten t o f  
im printing there i s  a very good reason fo r  not re jec tin g  b irds  
on tie  b a sis  o f th e ir  behaviour in  the t e s t ,  namely th a t merely 
in a c tiv e  birds in  the E groups may be le jec ted  whereas they  
would not be from the D groups which normally show l i t t l e  r e s ­
ponse. Thus the E population w i l l  be se le c te d  fo r  high a c t i ­
v i ty  whereas the D population w i l l  be mixed. I f  there i s  a 
co rre la tio n  between o v era ll motor a c t iv ity  and the biochem ical 
measure, then a s ig n if ic a n t  d ifferen ce  between the two popula­
tio n s could be created  merely as a r e su lt  o f such a r e je c t io n  
procedure. There was good s im ila r ity  between the 30-minute 
groups’ approach data in  th is  experiment and th at obtained a t  
Madingley with the same groups (Table 11). This was fu rth er  
confiim ation  th at the two systems were s im ila r  in  t ie  behavi­
oural changes produced in  the b ird s .
RNA Polymerase A c tiv ity  As found p rev iou sly  there was v a r ia ­
tio n  between hatches in  th e ir  o v e ra ll le v e l  o f RNA polymerase 
a c t iv i ty  and norm alisation was necessary  before the data could  
be analysed s t a t i s t i c a l ly .  There were four d if fe r e n t  dark- 
maintained groups, in stead  o f the s in g le  group in  the u r a c i l  
experiment, and so in stead  of n o m a lis in g  around the mean o f
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of the a c t iv i ty  o f one dark group the data from each hatch was 
normalised around the mean o f the a c t iv i t i e s  in  a l l  the sanples 
in  th a t hatch. This procedure tends to  minimise any e f f e c t s  due 
to  an abnormal response in  any s in g le  b ir d . The r e s u lt s  o f th is  
procedure are shown in  Fig 25 and Table 16.
There were no d ifferen ces  in  enzyme s p e c if ic  a c t iv i t y  in
the midbrain between any of the groups (Fig 25c), and th is  accords
1 )
w ell w ith the r e su lts  o f the C -u racil incorporation experiment,
no d ifferen ces  in  incorporation  having been d etected  in  the mid­
brain.
The e a r l ie s t  d ifferen ces  appeared, a fte r  15 ininutes* tr e a t ­
ment, in  tie  base o f the forebrain  (Fig 25i  ^where the RNA p o ly ­
merase a c t iv i ty  was higher in  the dark-maintained b irds than in  
e ith e r  the d i f f u s e - l ig h t -  or the stim ulus-exposed b ird s  
(— ~ 1 .i|.0, P — 0.05  and g - j “ 1 . 38, P — 0 . 08).  This may have 
been a response to  the i n i t i a l  handling a t  zero time when the  
birds were transferred from the dark incubator a t 33°C to  th e ir  
resp ec tiv e  con d ition s a t 30°C. A fter 30  ^ ll5 and 60 minutes 
there was no enzyme a c t iv ity  d ifferen ce  between the three groups 
and the a c t iv i ty  in  the dark-maintained b ird s f e l l  over the period  
15 to Ii5 minutes ( 2 ^  = 1 .55 , P -  O.O3 ) .  This suggested th a t the  
i n i t i a l  response to  handling, i f  th at i s  what the d iffe re n c e  a t  
15 minutes represented , occurred only in  the dark-maintained b ir d s .  
Perhaps the s tr e s s  assoc ia ted  w ith such treatm ent was greater in  
the dark-maintained birds than in  those exposed to  l ig h t ,  because 
in  the la t t e r  case the tra n sfer  was re la ted  to e a s i ly  id e n t i­
f ia b le  changes in  the environment. The ckrk-maintained birds 
experienced a sudden drop in  temperature and an in crea se  in  n o ise
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l e v e l s  from other b irds ( i . e .  the lig h t-exp osed  b ird s) but 
remained in  e s s e n t ia l ly  s im ila r  con d itions to those th ey  had 
been in  u n t i l  tr a n sfe r . In some resp ects  th is  i s  analogous to  
the s itu a tio n  o f yoked con tro l which experiences some fa c e ts  of 
the a ltered  environment but hot those fa c e t s  idiich perm it i t  to  
make allowance fo r  them by increased  a tten tiv en ess  to  the p e r t i ­
nent s t im u li. This, however, i s  a rather anthropocentric analy­
s i s  o f the s itu a t io n .
The m ajority o f the changes in  ENA polymerase a c t iv i t y  were 
found in  the forebrain  roof region (Fig 25a), very  much in  accor­
dance w ith e a r lie r  r e s u lt s .  There were no d ifferen ces  in  a c t iv i t y  
between tie  groups a f te r  l5  m inutes’ treatm ent in  th is  reg ion , in  
contrast to  the forebrain  base, but between 15 and 30 minutes two 
opposed changes occurred which resu lted  in  la rg e  d ifferen ces  
appearing a f te r  30 m inutes’ treatm ent. The a c t iv i t y  in  the d i f ­
fu se ligh t-exp osed  Urds f e l l  by about 30^ ( ^ ^  = 1 .28 , P -  0 .03 )  
and th at in  the stim ulus-exposed b irds rose by the very la rg e  
increment o f ii5^ ( g ^  ~ 1 .il5, P ~ 0 .0 0 5 ) . The d ifferen ce  between 
the stim ulus-exposed and dark-maintained b irds th erefore was 
sim ilar  to  th a t obtained in  the 30-minute ENA polymerase exp eri­
ment d iscussed  above (Chapter V). This r e s u lt , l ik e  the u r a c il  
incorporation r e su lts  was reproducible to  some exten t, although  
not in  i t s  e n tir e ty  because the e lev a tio n  in  a c t iv i t y  in  the  
base of the E over D b ird s was lack in g  in  th is  second ex p er i­
ment. Over the period 30 to i;5 m inutes, there was a decrease in  
a c t iv ity  in  the stim ulus-exposed b irds (^ ^  = 1 .3 5 , P -  0 .0 3 )  
Tdiilst the a c t iv ity  in  the other two groups stayed constant, and 
consequently a fte r  U5 m inutes’ treatm ent there were no d ifferen ces  
between the tiree  groups. No fu rth er  changes in  a c t iv i t y  occurred 
between hS and 60 m inutes.
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To examine whether a l l  the changes in  MA polymerase a c t i ­
v i t y  which resu lted  from the exposure o f the chicks were f in ish e d ,  
the experiment in  which a l l  three groups were treated  fo r  120 
minutes was performed. The data was in te r n a lly  normalised  
a g a in st the mean o f a l l  the a c t iv i t i e s  in  the hatch, and the  
r e s u lt s  are presented in  Fig 2 6 . These b ird s d iffered  from those  
in  previous experiments in  th a t they were not te s ted  fo r  approach 
responses a t the end of th e ir  120-minute treatment period , but 
as no d ifferen ces  in  a c t iv i ty  were found in  the hS and 60-minute 
b irds i t  was f e l t  u n lik e ly  th a t th is  would a f fe c t  th ese  r e su lts  
in  any s ig n if ic a n t  way. Although the percentage d is tr ib u tio n s  
of the enzyme a c t iv i t i e s  are not appreciably d if fe r e n t  from 
those o f the time course, they are not s t r i c t ly  comparable w ith  
them because the b irds were drawn from e n t ir e ly  separate hatch es.
There were no d ifferen ces  in  enzyme a c t iv i t y  between the  
three groups o f b irds treated  £br 120 minutes in  any o f the 
brain reg ion s, and th is  was s im ilar  to the r e s u lt s  obtained a f te r  
and 60 m inutes. Thus from to  120 minutes the a c t iv i t y  of 
MA polymerase remained constant in  a l l  regions o f the ch ick  
brain ir r e sp e c t iv e  o f the con d ition s in  which they were k ep t.
A ll the changes which were found occurred w ith in  the f i r s t  ij.5 
minutes o f treatm ent. I t  was fortu n ate  th at in  the p re lim i­
nary study a short period  o f exposure had been chosen.
DISCUSSION
I t  i s  not p o ss ib le  to  make a sim ple, d ir e c t  comparison
3 1 itbetween the data obtained from the H* and C -uracil incorpora­
tio n  experiments and those from th e MA polymerase a c t iv i t y  
experiments presented here. The u r a c il  experim ental d esign .
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although i t  had vaiy ing periods of treatm ent fo r  the d iffu se  
l i g h t -  and stim ulus-exposed b ird s, had only one kind of dark- 
maintained b ird  (Fig. 5 ), namely one which had remained in  dark­
ness fo r  the whole 150 minutes of the incorporation . Conse­
quently these birds did not experience handling during the period  
o f incorporation , a t those times when the ligh t-exp osed  groups 
o f birds d id . In th is  RNA polymerase experiment there i s  a 
matched group o f dark-maintained b irds for  every treatm ent tim e, 
e .g .  U$D fo r  U5E and 1|5L, and th ese are not comparable w ith those  
o f the u r a c il  experim ents. Indeed the response found in  the fo r e ­
brain base enzyme a c t iv i ty  o f the dark-maintained b irds a fte r  15 
minutes suggests th a t they were very s e n s it iv e  to such a manipu­
la t io n  as tra n sfer . The u r a c i l  dark-maintained b irds may have 
a sso c ia ted  handling w ith in je c t io n : qu ite  a s tr e s s fu l  event.
I t  i s  more reasonable to make a comparison using the naive  
birds o f the RNA polymerase experiments and the dark-maintained 
birds o f the u r a c il experiments as being equivalent. N either  
group was handled during the experiment fo r  a tra n sfer  operation , 
and n eith er  was exposed to  the con d ition s o f the im printing room. 
The dark-maintained b ird s did have some d ifferen ces  in  treatm ent 
from the n a ives, namely th at they were kept fo r  150 minutes (the 
incorporation period) a t  30 C and were handled and in jec ted  a t  
the s ta r t  o f th is  p eriod . This la t t e r  experience however was 
common to  a l l  groups o f birds in  the u r a c il  experiments and might 
be expected not to crea te  d ifferen ces  between them in  resp ec t o f
th e ir  u r a c il  incorporation .
A ltern a tiv e ly  one can compare on ly  the data from the l i g h t -  
exposed groups, not taking the various (hrk groups in to  account. 
The major d i f f ic u l t y  o f in terp re ta tio n  which a r ise s  in  doing so
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i s  a r e su lt  cf* the d ifferen ce  between the designs o f the u r a c il  
and the MA polymerase experim ents. In both experiments there 
should have been no d ifferen ce , behavioural or biochem ical, 
between any o f the birds p r io r  to the onset of exposure, although  
of course the u r a c i l  b irds had been handled and in je c te d  and 
could have d if fe r e d  as a group from ihe MA polymerase birds  
idiich had no such experience. Aside from th is ,  the b ird s r e c e i­
ved id e n t ic a l experiences id i i l s t  in  the arena and in  th e ir  subse­
quent removal from i t .  Hrom th is  time on tie  experiences o f  the 
u r a c il  ani MA polymerase groups d iverge. The enzyme birds were 
te s te d  and k i l le d  immediately, whereas the uracil b irds were 
replaced in  the dark brooder fo r  a period and then tasted and 
k i l le d .  I t  i s  q u ite  p o ss ib le  th a t the MA metabolism, including  
MA polymerase a c t iv i ty ,  o f th ese  u r a c il  birds was m odified as 
a le s u lt  of th is  process and hence the in ter r e la t io n sh ip  of th e ir  
f in a l  u r a c il incorporation  le v e l s  were s ig n if ic a n t ly  d if fe r e n t  
from what they had been a t  the end of the exposure p eriod .
For the f i r s t  type o f comparison, th a t i s  taking the naive  
birds of the enzyme experiment and the chrk-maintained b ird s o f  
the two u r a c i l  ("^ H and C) e]perim ents as being equ iva len t, the 
relevan t changes in  th e  three biochem ical parameters are shown
in  Table 1? (over page).
The increased  MA polymerase a c t iv i t y  in  the foreb ra in  roo f
of the s t i m u l u s -exposed b irds a fte r  30 minutes over th a t o f  the
' l i t
n aives was r e f le c te d  a fter  38 and 76 itinutes’ exposure in  the C— 
u r a c il  b irds and a fter  j6  m inutes’ in  the H -uracil b irds by  
enhanced incorporation in  the stim ulus-exposed as coirpared to the  
dark-maintained b ird s. I t  i s  of in te r e s t  t ia t  although the p re -
3
lim inary MA polymerase (30-minute exposure only) and the H-
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u r a c i l  experiments were performed on the Madingley equipment and 
the RNA polymerase time course and C -u racil experiments on the  
M ilton Keynes equipment, th e same enhanced enzyme a c t iv i ty  in  the 
foreb ra in  roof was found in  both enzyme experiments whereas the 
increased  ^^C-uracil incorporation  in  the same region  appeared 
e a r l ie r  than th a t o f the H -u racil. The use of the two d i f f e ­
r e n t ly  la b e lle d  u r a c il  precursors in  th ese  la t t e r  experiments 
may have contributed to th is  d iscrepancy.
TABLE 17
Some se le c te d  d ifferen ces  in  
cerebral n u c le ic  acid metabolism  
between b irds exposed to  v is u a l stim u li ( l )
Brain. Region
Forebrain roof
Parameter
RNA polymerase
Ratio o f parameter 
in  groups
30E
C -uracil (AI) 38E
76e
'/d =
% -u ra o il (AI) 76e
Forebrain base 1LC -uracil (AI) 76L
/ a  = 0 .8 0
Data i s  extracted  from F igs, 6, 22, 25; the experim ental con d ition s  
and abbreviations are d e ta ile d  in  Chapters V and VII.
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There was no change in  RNA polymerase a c t iv i t y  in  the fo r e ­
brain base o f the d if fu s e  ligh t-exp osed  b irds as coirpared to  the
1 llnaives which corresponded w ith the decreased C -uracil incor­
poration  in  1hose d if fu se  ligh t-exp osed  as coirpared to  the dark- 
maintained b ird s, however th is  decrease may have been r e la ted  to  
precursor supply rather than to  enzyme a c t iv i t y  (see p."?-?).
No changes in  e ith e r  ENA polymerase or ^H- and ^^C-uracil 
incorporation were found in  the midbrain, in  le s s  than 120 
m inutes’ treatm ent.
A discrepancy which s t i l l  remains i s  th a t between the 150-
minute treated  b irds in  the % -uracil experiment and 120-minute
3
treated  RNA polymerase b ird s. Whereas there was enhanced H- 
u r a c il  in co ip oration  in  a l l  th ree brain regions of the stim u lus- 
exposed b irds, and in  the forebrain  roof and base o f d if fu s e  
ligh t-exp osed  b irds as compared to  the dark-maintained b irds  
there was no evidence o f such phenomena in  the enzyme d ata .
(This however d)es assume th at the three groups in  the enzyme 
experiment would not have d if fe r e d  from na ives a t th is  tim e, 
because no naive b ird s were produced in  th is  experim ent.) As 
no 150-minute trea ted   ^ -u r a c il  birds were used i t  i s  q u ite  
p o ss ib le  th at th e ir  r e la t iv e  u r a c il  incorporations would have 
been q u ite  d if fe r e n t  to  those found in  the ^H-uracil experiment; 
indeed massive trend rev ersa ls , p a r tic u la r ly  in  the d if fu s e  
lig h t-exp osed  b irds in forebrain  roof and base would have been 
needed fo r  the  ^^C -uracil data to  have reached con p arab ility  
with th a t of ^H -uracil a t th is  tim e.
For the second type o f comparison, th at i s  between the  
other two typ es o f b ird , the lig h t-ex p o sed  groups, the mid­
brain i s  the sim plest region  in  which to s ta r t .  There were no 
d if f e r e n t ia l  changes in  e ith e r  or ^C—u r a c il  in co ip o ra tio n
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in  e ith e r  the 38-  or 76-minute treated  b irds and none also in  
th e ir  RNA polymerase a c t iv i t y .  This fin d in g isu g g ests  th at th e  
two approaches ^  vivo  and in  v itr o , to  the e f f e c t s  of such 
treatm ents on n u cle ic  ac id  metabolism in  the brain do not d i f f e r  
q u a lita t iv e ly . To cfetermine how q u a n tita tiv e  th e ir  re la tio n sh ip  
i s  requires a knowledge o f ihe magnitude o f the RNA sy n th es is , 
which i s  not p o ss ib le  from these data .
The chta r e la t in g  to the fo llow ing  d iscu ssio n  i s  shown in  
Table 18.
TABLE 18
Some se lec ted  d ifferen ces  
in  cereb ra l n u cle ic  acid  metabolism  
between b irds exposed to  v is u a l stim u li (II)
Brain Region 
Forebrain roof
Parameter
RNA polymerase
Ratio of parameter 
in groups
15L
3OE
3OE
3OE
/ 30L ^
iu.C-uracil (AI) 76E
38L
^H-uracil (AI) 76E'/76L = ' " ' 7
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TABLE ( c o n t . )
Brain Region Parameter
Ratio of parameter 
in  groups
1 iiForebrain base C -nracil (AI) * i 20
'?6L
Data i s  extracted  from F igs. 6 , 22, 25; the experim ental con d ition s  
and abbreviations are d e ta iled  in  Chapters 7 and 711.
There were no d ifferen ces  in  RNA polymerase a c t iv i ty  between 
the stirm ilus- and d if fu se  ligh t-exp osed  b irds in  the forebrain  
base a fte r  any period o f treatm ent. This i s  in  agreement w ith  
the ^H-uracil incorporation  data, in  which no changes were found 
a t e ith er  38 or ?6 m inutes’ exposure. However, i t  does n ot agree 
w ith the ^^C-uracil data in  which, between 38 and 76 m inutes’ 
treatm ent, the incorporation in  the d if fu se  lig h t-ex p o sed  b irds  
f e l l .  No changes which could have corresponded to  th is  depres­
sion  o f incorporation were found in  RNA polymerase a c t iv ity  over 
any time p eriod . However there i s  no evidence to  suggest th a t  
a l l  the a lte r a tio n s  in  u r a c il  incorporation must r e s u lt  from 
changes in  RNA polymerase a c t iv ity ,  other fa c to r s  could r e s u lt  
in  such changes (see Chapters I I  and 71 and la t e r  th is  ch ap ter). 
In «11 three experiments the forebrain  base, l ik e  the midbrain 
remained r e la t iv e ly  u n reactive , the major exceptions being the  
v e iy  early  e f f e c t s  in  the ENA polymerase a c t iv i t y  in  the dark- 
maintained b irds and the d ec lin e  in  -H c-uracil incorporation  in
the d if fu se  ligh t-exp osed  b ird s.
This evidence of the general u n re a c tiv ity  of the forebrain  
base and midbrain con trasts  sharply w ith the changes which occur­
red in  both u r a c il  in co ip oration  and ENA polymerase a c t iv i t y  in
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the fbrebrain r o o f . In terms o f u r a c il  incorporation  the  
stim ulus-exposed b ird s had increased  as compared to th e  d iffu se  
ligh t-exp osed  b irds a fter  m inutes’ treatm ent. The changes in  
RNA polymerase a c t iv i t y  occurred much e a r l ie r .  A fter as l i t t l e  
as 15 minutes’ treatm ent the a c t iv i t y  in  the d if fu se  lig h t-ex p o sed  
birds was 30^ higher than in the stim ulus-exposed b ird s , but by 
30 minutes th is  p o s it io n  had been reversed and the stim u lus-  
exposed birds’ a c t iv i t y  was h$% higher than th at o f the d if fu se  
ligh t-exp osed  b ird s . By m inutes’ treatment and from then  
u n t i l  a t  le a s t  120 minutes there were no d ifferen ces  between 
them, the a c t iv i ty  in  the stim ulus-exposed birds having fa l le n  
to the same value as th at o f the d if fu se  lig h t-ex p o sed  b ird s .
ThuB the n e tt  RNA syn th esis d ifferen ce  in  the stim ulus-exposed  
birds from i|.5 minutes onward would probably be higher than th a t  
in  the d f fu s e  ligh t-exp osed  b ird s (and most c e r ta in ly  than 
th a t o f the n a iv e s ) .
I f  th ese  arguments are correct in  a ttr ib u tin g  the in crease
in  ^^C-uracil a fte r  38 and ?6 minutes and in  ^H -uracil a f te r  76
minutes to  increased  RNA polymerase a c t iv ity  a f t e r  30 m in utes’
treatm ent, then the data cannot e a s i ly  explain  the d ec lin e  in
incorporation  in  the d if fu se  lig h t-ex p o sed  b irds over the period
38 to 76 m inutes. The decrease in- RNA polymerase a c t iv i t y  in  the
d if fu se  ligh t-exp osed  b ird s over the period 15 to 30 minutes was
synchronous w ith the in crease  in  a c t iv i t y  in  the stim ulus-exposed
b ird s. However, the appearance o f th e  a lte r a t io n s  in  u r a c i l
incorporation  were not synchronous. The d ec lin e  in  in co ip o ra tio n
of the d if fu se  ligh t-exp osed  birds occurred la te r  than the
increased incorporation in  the stim ulus-exposed b ird s . As noted
1 )
e a r lie r  (p.': ’^^ ), there was a d ec lin e  in  C -uracil in co ip o ra tio n
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in  the foreb rain  base between 38 and ?6 minutes but no changes 
in  RNA polymerase a c t iv i t y  which could be a ttr ib u ted  as causing  
th is  change. Because the two changes are of s im ilar  magnitude 
i t  seems reasonable to  propose th at there was a whole foreb rain  
d ec lin e  in  u r a c il  in co ip oration  which was unrelated  to the 
a c t iv i t y  o f RNA polymerase, but which was perhaps due to  such 
fa c to r s  as a ltered  blood flow  or c e l l  perm eability  (see fo r  
exanple the work o f BONDY, 197U, where blood flow  changes 
occurred in  response to  v is u a l stim u lation ). I t  i s  in te r e s t in g
3
th a t there was no such d ec lin e  in  H -uracil incorporation in  
e ith e r  o f th ese  brain regions in  the e a r lie r  experim ents, and 
so perhaps ihere was some fa c to r  p resen t in  the treatment o f  
the d iffu se  ligh t-exp osed  birds which was not constant between 
the two u r a c il  experim ents. This may have been during both or  
e ith e r  of the exposure or darkness p eriod s.
P o ssib le  s ig n ifica n ce s  o f these r e s u lt s
These observations o f changes in  RNA polymerase a c t iv ity  
which correlated  to  some ex ten t with the r e su lts  o f the u r a c il  
experiments in d ica ted  th at the in co ip oration  changes seen d id  
r e la te  to  a ltered  ENA syn th esis  and were not e n t ir e ly  the r e s u lt  
of v a r ia tio n s  in  the rad ioactive  u r a c i l  ’ s s p e c if ic  a c t iv i t y  or 
in  u r a c il  supply v ia  the blood stream. This s t i l l  leaves two 
aspects cf the s itu a tio n  unexplored, namely t ie  nature o f the  
RNA which was formed by the RNA polymerase over the exposure 
period during which changes in  a c t iv i t y  were measured, and "die 
mechanism (s) by which the a lte r ed  a c t iv i ty  o f the enzyme was 
e ffe c te d .
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As we d iscu ssed  e a r lie r  ( Chapter 17) th is  assay  probably
measures a combination o f the a c t iv i t i e s  of m ultip le RNA p o ly ­
merases, whose products are e s s e n t ia l ly  mRNA and rENA. This 
being sd ,  the changes measured in  to t a l  RNA polymerase a c t iv i t y
could te due to  the a ltered  a c t iv i t y  of one or severa l enzyme
forms; however these cannot be d istin g u ish ed  w ith the presen t 
assay system .
There are severa l p o s s ib le  consequences of such changes 
in  enzyme a c t iv i t y .  I f  there was an increased  n et syn th esis  o f  
mRNA, th is  could occur w ith or without d ie  use of p rev iou sly  
untranscribable DNA i . e .  d e-rep ression . I f  no new types o f 
mRNA were syn th esised , sim ply an increased  quantity  o f the 
previous types, then, so long as the other components o f the 
p ro te in  syn th etic  mechanism were not r a te - lim it in g , there would 
have been an increased sy n th esis  o f those p rote in s which were 
already in  production. In other words the r a te - lim it in g  fa c to r  
in  the p rote in  syn th etic  mechanism was the quantity  o f mRNA 
a v a ila b le  fo r  tr a n s la tio n . In the case o f the production o f  
new types of mRNA, and hence p rev iou sly  unsynthesised kinds o f  
p ro te in , mRNA did not need to  have been r a te - liin it in g  fo r  
a ltered  p rote in  syn th esis  to  have occurred. The new types o f  
p ro te in  would have been tran sla ted  along w ith the o ld .
I f  the only change in  RNA sy n th esis  was increased pro­
duction of rENA, and hence presumably ribosomes, then i f  r ib o ­
somes were p rev iously  ra te—lim tin g , increased production o f  
those p ro te in s  coded in  the e x is t in g  types o f mRNA would be 
formed. I f  ribosomes were not r a te - lim it in g  fo r  pihotein 
syn th esis  then no change in  quantity  or type synth esised  would
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have occurred. The p o ss ib le  r e s u lt s  o f th ese  changes are shown 
in  Table 19, bat in  the absence o f inform ation as to  r a te - lim it in g  
fa c to r s  in  the p ro te in  synth etic  processes o f one-day old  chick  
brain c e l l s ,  and as to  whether or n ot de-repression  occurred, 
further specu lation  would be f r u i t l e s s .
TABLE 19
Type o f ENA 
increased
mENA
B e-repression
NO
NO
YES
YES
R ate-lim itin g
NO
YES
NO
YES
P rotein  r e s u lt
NO CHANGE
INCREASED SAME 
TYPES
NEW TYPE; SAME 
QUANTITY AS 
PREVIOUSLY
INCREASED 
QUANTITY 
WITH NEW 
TYPE
rENA NO
NO
YES
YES
NO
YES
NO
YES
NO CHANGE
INCREASED SAME 
TYPES
NEW TYPES; SAME 
QUANTITY
NEW TYPES; 
INCREASED 
QUANTITY
The question  of whether the a ltered  a c t iv i t y  of t o t a l  RNA p o ly ­
merase was due to changes in  the a c t iv ity  o f one or more forms 
of the enzyme could be answered Ty measuring the incorporation  
of la b e lle d  n u cleosid es due to  each o f the forms in  n u c le i from 
birds treated  as they were in  the experiment described above.
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The in h ib ito r , o^-amanitin, could be used to  block n ucleo- 
plasmic RMA polymerase I I  (LINDELL e t  a l ,  1970) thus allow ing  
measurement of the a c t iv i t y  of RNA polymerase I  in  the n u cleo lu s. 
A ltern a tiv e ly  the is o la te d  n u c le o li could be assayed fo r  enzyme 
a c t iv i ty  a f te r  d isruption  o f the n u c le i (as far  exanple in  BANKS 
and JOHNSON, 1973) although d i f f i c u l t i e s  in  obtaining s u f f ic ie n t  
m ateria l fo r  assay from one chick brain  region could n e c e ss ita te  
the pooling of samples.
The observed changes in RNA polymerase activity could have 
been produced by two mechanisms, either increased activity of 
existing enzyme molecules (activation) or by the synthesis of 
extra enzyme molecules. Ideally one c culd decide whether acti­
vation was tie mechanism by ’mixing» experiments in which disrupted 
nuclei with enhanced activity were mixed with others with low 
activity. If some ’activating factor’ were present (in excess) 
then the final activity would not be the mean of the two maxi­
mized activities but equal to the higher of the two. In prac­
tice it would not be possible to achieve two such populations 
of nuclei because the variations in activity between different 
groups was very high; not all preparations from exposed birds 
had higher enzyme activity than all those for dark-maintained 
birds. It would be easier, although still difficult, to look 
for increased de novo synthesis of enzyme as measured by enhanced 
incorporation of radioactive amino acid into ENA polymerase. 
However, given that there were; changes in enzyme activity detec­
table after only 1 5  minutes of treatment, and that these changes 
were transient, it seems more likely that activation rather than 
increased synthesis of enzyme was the mechanism fesponsible.
Just how such activation could have been achieved is unclear.
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although as m etal io n s have dramatic e f f e c t s  on the enzyme’s a c t i ­
v i t y  (see  Chapter IV) these are p o ss ib le  candidates fo r  such a 
r o le . From the p o in t of view o f  c e llu la r  economy th is  mechanism 
would be p referab le . When RNA polymerase a c t iv ity  in crea ses  a fte r  
in  v itr o  adm inistration of hormones to  c e l l s ,  the agents d ir e c t ly  
resp on sib le  seem to  be is o la b le  cytoplasm ic hormone -b inding  
fa c to r s  (DAVIES and GRIFFITHS, 1973). A lso, because the assay in  
our experiments was not performed on the iso la te d  enzyme but 
carried  out ^  s i t u , changes in  the tr a n sc r ib a b ility  o f the 
chromatin cannot be ruled out (CHURCH and MCCARTHY, 1970; BONDY 
and ROBERTS, 1969).
Both RNA le v e ls  and RNA polymerase a c t iv i ty  have been shown 
to  vary over a 2i;-hour period , th at i s  they have circadian  rhythms, 
in  n u c le i from cerebral cortex  o f r a ts  on a 12-hour l i g h t / 12-hour 
dark c y c le . These changes are synchronised and are enhanced in  
the periods o f increased motor a c t iv i t y  (MERRITT and SULKOWSKI, 
1970) . Rats on a sim ilar cy cle  were found to p ossess  c ircad ian  
rhythm icity of ly s in e  in co ip oration  but with the zen ith  approxi­
m ately 12 la t e r  than th a t of the ENA le v e l s  noted above 
(RICHARDSON and ROSE, 1971). None o f the experiments described  
or referred  to  here on changes in  p ro te in  and n u c le ic  acid  
metabolism have been o f long enough duration to  d e te c t d iurnal 
e f f e c t s ,  however the p o s s ib i l i t y  o f such does h ig h lig h t the 
problems involved in  the in te ip r e ta t io n  of data from experiments 
such as th ese in  which sev era l fa c to r s  are compounded. The 
re la tio n sh ip  o f the biochem ical changes found to  the imprinted  
behaviour must be continuously evaluated , taking in to  conside­
ra tio n  the other changes in  behaviour and metabolism which were 
occurring a t the same tim e. The one—day old ch ick , reared in
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darkness, and then exposed to  v isu a l s tim u li i s  in  a phase of 
corrplex development, both p h y sio lo g ica l and behavioural. The 
l ig h t  ib r ec e iv e s  i s  the f i r s t  m assive input to the v isu a l sy s ­
tem, and th erefore  probably r e su lts  in  e ith er  the onset or 
a lte r a tio n  o f receptor and a n a ly tic  p rocesses, perhaps analogous 
to  those found in  the r a t  (ROSE, 1967; ROSE e t  a l ,  1973; ROSE and 
SINHA, 197U; GRAGG, 1969b). V isual s tim u li w ith s p e c if ic  charac­
t e r i s t i c s  can produce s p e c if ic  behavioural changes ( ’im printing*) 
to  idiich we have tr ie d  to  r e la te  the changes found in  p ro te in  and 
n u cle ic  acid  metabolism, although even p la in  d if fu se  l ig h t ,  such 
as the d if fu se  lig h t-ex p o sed  birds here received , m odifies the  
b ir d s ’ behaviour, p a r tic u la r ly  w ith  resp ect to  im printing  
(BATESON and WAINWRIGHT, 1972). Synchronously w ith  these e f f e c t s  
there may be entrainment to  a d iurnal rhythm, which in v o lv es  
p rote in  and n u cle ic  acid  metabolism. Of relevance here may be 
the p o s s ib i l i t y  th at th ese  ubiquitous rhythms could be in i t ia t e d  
and con tro lled  by the tra n scr ip tio n  o f DNA i t s e l f  (EHEET and 
TRUCCO, 1967).
However, w ith these problems of in terp re ta tio n  taken in to  
account, i t  does appear from the general in tern a l con sisten cy  
of a ll  the data obtained on the biochem ical responses o f the 
chick a fte r  exposure to  im printing s t im u li, th a t d e f in ite  
p attern s of change m  both p ro te in  and n u c le ic  acid  metabolism  
have been found which r e la te  p rim arily  to  the a c q u is it io n  o f new 
behaviours.
(The r e s u lt s  upon which th is  chapter i s  based have been 
published -  Haywood e t  a l ,  197^c.)
LEGENDS TO FIGURES 2k-26.
F ig . 2k Schematic rep resen tation  o f the operations performed to  
expose ch icks fo r  15, 30, or 60 minutes to  e ith e r  an im printing  
stim ulus, d if fu se  l ig h t  or a dark-box. The temperature fo r  a l l  expos­
ures was 30°C; fo r  te s t in g  i t  was 26^0.m
stim ulus d if fu s e  l ig h t dark-box
F ig . 25 R elative  RNA polymerase a c t iv i t i e s  in  three brain  regions  
of chicks exposed fo r  15, 30, i|.5 or 60 minutes to  e ith e r  an inç)rinting  
stim ulus, d if fu se  l ig h t  or a dark-box. Data i s  expressed as % o f the mean 
enzyme a c t iv i t y  o f a l l  the sanples in  each experim ent. See R esu lts fo r  
d e t a i l s .  Values are mean _+ s .e .m . (N = 1 2 ). A ll  s t a t i s t i c a l  analyses  
are shown in  Table 16. Shadings are as fo r  F ig . 2k.
a) forebrain  roof
b) foreb rain  base
c) midbrain
F ig . 26 R elative RNA polymerase a c t iv i t i e s  in  three brain regions  
o f ch icks exposed fo r  120 minutes to  e ith e r  an irrprinting stim ulus, 
d iffu se  lig h t or a dark-box. Data i s  expressed as % o f the mean enzyme 
a c t iv i t y  o f a l l  the sanples in  each experim ent. See R esu lts fo r  d e t a i l s .  
Values are mean + s .e .m . (N = 1 2 ). Shadings are as fo r  F ig . 2k*
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CHAPTER T i l l
In Chapters I  and I I  some o f the current id eas -which 
d ir e c t  research in to  the neurochemical aspects o f e f f e c t s  on 
stim u li on the brain, and in  p a r ticu la r  of macromolecular 
metabolism in  r e la tio n  to  inform ation storage, were d iscu ssed . 
The experiments which have been described  here were designed  
to  examine one aspect o f such p rocesses, namely the changes 
in  n u cle ic  ac id  metabolism in  b irds exposed to  a s itu a t io n  
in  which they acquire s p e c if ic  beha-viours. The a c t iv i t y  o f  
to t a l  RNA polymerase, th a t i s ,  w ithout d iscrim in ation  between 
e ith e r  i t s  forms or i t s  c e l lu la r  d is tr ib u tio n , was sho-wn to  
change tr a n s ie n tly  fo llcw in g  short periods of exposure to  the 
im printing stim ulus. Also these changes in  a c t iv i t y  bore both  
a tenporal and a q u a lita t iv e  re la tio n sh ip  to  the a ltered  in c o r ­
poration  o f u r a c il  in to  RNA observed a f te r  longer periods of 
exposure.
There are sev era l reasonable d irections in  which fu rth er  
research in to  th ese phenomena could go, not a l l  of which 
d ir e c t ly  involve n u c le ic  acid  metabolism.
F ir s t ly  there i s  an an a ly sis  o f whether the a ltered  
enzyme a cti-v ities  represent d if f e r e n t ia l  changes in  the a c t i ­
v i t i e s  of severa l enzyme forms (as mentioned in  Chapter V II).
I f  the enzyme foim s in  chick  brain n u c le i are e s s e n t ia l ly  the  
same as those found in  other system s, th a t i s  one produces 
ribosomal, and the other messenger RNA, then th is  would be an 
in d ica tio n  o f increased production o f one or both o f these  
types of RNA. In the case where only  increased production o f
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ribosomal RNA occurs then one can specu late th a t there i s  no 
a lte r a tio n  o f the proportions o f the types o f protein  being  
formed. However, no stu d ies  o f th is  type can allow  fo r  tra n s­
la t io n a l control o f p ro te in  sy n th es is , th a t i s  d if f e r e n t ia l  use 
o f various messenger RNAs and so g ive  only su ggestive  in fo r ­
mation about the nature o f the end-products o f the p rocess, the 
p ro te in s . Moreover, i f  the changes in  enzyme a c t iv ity  are due 
to a c tiv a tio n  by sm all m olecules, d isruption  o f the n u c le i, and 
subsequent p u r if ic a tio n  o f the n u c le o li ,  could r e s u lt  in  a lo s s  
of th ese  a c tiv a to rs  and thus c a s t  severe doubts upon the v a l i ­
d ity  o f the r e s u lt s .  This i s  e sp e c ia lly  true where, as here, 
the d ifferen ces  in  t o t a l  a c t iv i ty  were q u ite  sm all.
Secondly, one could examine the products o f the increased  
enzyme a c t iv i ty  fo r  in creases in  messenger and ribosom al RNA, 
probably measured as increased  ^  v ivo  incorporation of la b e lle d  
precursors rather than as absolute amounts. Some work in  t h is  
d ir e c t io n  has been reported by Coleman e t  a l  (COLEMAN e t  a l ,
1971 ) .  I t  i s  very u n lik e ly  th at any d ifferen ces  w ith in  the  
messenger RNA population i t s e l f ,  th a t i s  in d ica tio n s  o f new 
sp e c ie s , could be detected  because o f the problems involved in  
DNA-RNA h yb rid isa tion  s tu d ie s  (e .g . see  CHURCH and MCCARTHY, 
197O; von HUNGEN, 1970 but a lso  MACHLUS and GRITO, 1968, 1969).
Thirdly, the c e l l  types from which the n u c le i were pre­
pared was not examined. Thus the enzyme a c t iv i t y  which was 
measured re la ted  to  a mixture o f neuronal and g l i a l  n u c le i .
I f  d i f f e r e n t ia l  t o t a l  enzyme a c t iv i t i e s  were present w ith in  
these two major types o f n u c le i, or among the many d if fe r e n t  
kinds o f each, then knowledge o f which types o f  c e l l  n u c le i
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were responding under the exposure conditions would be extremely 
useful. The project is beset by difficulties, however. W.thout 
detailed information of the characteristics of the nuclei from 
all the cell types involved i.e. neuronal, astroglial, oligoden- 
droglial, it is impossible to define the products of a nuclear 
fractionation prodedure. Even in the rat, where more details 
are available, the identification is still ambiguous (see 
Chapter III). Also the quantity of starting tissue required 
for most separations, and in particular those in which ENA 
polymerase activity on the fractionated nuclei is to be assayed, 
is quite large (e.g. several forebrain roofs), the tissue from 
several experimental animals would be needed. Because of the 
number of animals available for exposure to the stimulus and 
the problems in preparing many nuclear sanples from them, the 
process would be very difficult.
Nucleic acid metabolism, although of great interest for 
describing part of the mechanisms whereby brain cells respond 
to inputs, is unlikely of itself to yield at present much infor­
mation about the changes in cell structure and function which 
underlie plasticity and thus perhaps information storage. Few 
workers believe that nucleic acids themselves are the agents 
which store information, rather that they are involved in such 
by virtue of their actions in the protein synthetic mechanism. 
Thus for investigations whose aim is to elucidate the changes 
in cell structure, that is to a great extent the structure and 
function of the synapse, analysis of the proteins formed as 
end-products in the reaction is likely to be more fruitful.
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N ucleic ac id s cannot be analysed in  teims o f which p ro te in s  they 
code fo r , and even i f  they could, the p o s s ib le  in terv en tio n  of 
tr a n s la t io n a l co n tro l would prevent any d escr ip tio n  of the u l t i ­
mate p ro te in  products by such means. I t  i s  th erefore  preferab le  
to  look a t the p ro te in s  them selves, either by precursor in co r­
poration  methods or by assay o f the a c t iv i t i e s  of known enzymes, 
to  see whether th ese are a ltered  in  response to  s t im u li.
The p ro te in s of neurons appear to  be syn th esised  e ith e r  in  
the perikaryon (the major s i t e )  or in  th e synapse, and some o f  
th ose which are of p erik arya l o r ig in  are transported to  the  
synaptic reg ion . Thus by examining p ro te in  metabolism in  
is o la te d  c e l l  types and in  synaptosomal preparations i t  i s  
p o ss ib le  to  d e fin e  more c lo s e ly  the typ es o f p ro te in s in  
production and th e ir  f in a l  lo c a lis a t io n  (CDENOD e t  a l ,  1972). A 
fu rth er  aspect o f the metabolism of p ro te in s  which i s  a lso  open 
to  study by th ese  methods i s  the m od ification  o f g ly co p ro te in s . 
Because some g lycop rote in s seem to be completed a f t e r  the p o ly ­
p ep tid e  chain i s  produced, and some oren a fte r  the p ro te in  has 
reached the synaptic region  (see fo r  exauç)le BAKONDES, 1969), 
there i s  the p o s s ib i l i t y  o f responses which do not in volve  
changes in  ^  novo p ro te in  syn th esis  but which do a f f e c t  the 
p ro te in s  them selves. Also w ith in  th is  category i s  p ro te in  
phosphorylation which probably in v o lv es  c y c lic  n u cleo tid es  
(MACHLUS e t  a l ,  197^) and which could be e ith e r  nu clear , where 
i t  might a f f e c t  RNA sy n th esis  on DNA, or a t  the synapse and 
a f f e c t  transm ission .
Many in v e s t ig a t io n s  are now fo llow in g  th ese  l in e s  (ROSE 
and SINHA, 197k; MACHLUS e t  a l ,  197k; REES e t  a l ,  197k).
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We have begun to  examine some o f  these problems in  r e la t io n  
to  the biochem ical responses of the chick train to  im printing  
s t im u li. (These experiments were performed in  co llab ora tion  
w ith: J . HAMBLEY, G. R. DUTTON, S.P .R . ROSE and P.P.G. BATESON). 
In chicks exposed to the stim ulus fo r  periods up to 2 hours we 
have detected  changes in  both p ro te in  and g lycop rote in  meta­
bolism  and in  the a c t iv i t y  o f some enzymes involved  with
neurotransm itter metabolism. The on ly  d ifferen ce  found in  
liiC -lysine incorporation  between exposed and dark b irds was
a f te r  60 m inutes' treatm ent, ihere being no d ifferen ce  a f te r
30 or 120 m inutes, and th is  e ffec t was confined to  the an ter io r
p art o f the foreb ra in  r o o f . We have subsequently found th at
6t h is  increase  i s  m ostly confined to the 6 x 1 0  g-min super­
natant, the so lu b le  fr a c t io n . For studying g lycop rote in  meta­
bolism  we in je c te d  ^^C-fucose e ith e r  a t  the s ta r t  o f a 60- 
minute exposure or at the end o f i t ,  w ith  a p u lse  time cf 
60 m inutes. No d ifferen ce  was found between the stim ulus- 
exposed and dark-maintained b irds in  fu cose incorporation  
over the 60-minute period (in  darkness) a fte r  th e  treatm ent, 
but there was increased incorporation  in  the stim ulus-exposed  
b ird s during the incorporation , but on ly  in  the forebrain  r o o f .
In both the fu cose and ly s in e  experiments there was increased  
a c id -so lu b le  r a d io a c t iv ity  in  a l l  brain  regions o f tie  stim u lu s-  
exposed b irds but only the roof region  showed increased  in co r ­
p oration . In the case o f ly s in e , t h is  increased fr e e  radio­
a c t iv i t y  did not produce a change in  the s p e c if ic  r a d io a c t iv ity  
o f the precursor p oo l.
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Precursor incorporation studies do not give any indication 
of changes in specific metabolic processes related to brain 
function such as neuro transmission, and so we have also studied 
the responses of two enzymes involved with acetylcholine meta­
bolism, acetylcholinesterase (AChE) and choline acetyltransferase 
(ChAc). We thought that the appearance of any such changes 
might be delayed with respect to the stimulation, particularly 
if protein synthesis and transport were involved, so we exposed 
birds for 60 minutes to the stimulus or kept them in the dark- 
box and then killed them after 0, 1, 6, 12 or 2k hours in a 
dark brooder. ChAc activity was increased in the midbrain of 
the stimulus-exposed birds immediately after the exposure period, 
but this had disappeared one hour later and no further diffe­
rences were found. AChE activity did not change until 1 hour 
after the end of exposure, at which time it was increased only 
in tie forebrain roof of the stimulus-eD^osed birds. This was 
followed by a general brain elevation in activity in these 
birds by 6 hours post-exposure. After 12 hours the only effect 
was a depressed activity in the midbrain of exposed birds and 
by 2k hours no differences were found. Thus a series of inc­
reases and decreases in the activity of AChE and ChAc occurred, 
several of which had long delays as compared to the nucleic 
acid protein and glycoprotein metabolism changes. Such data 
is suggestive of alterations in the perikaryal synthesis of 
proteins whose eventual site of action is synaptic, the delays 
being incurred during transport along the neuronal processes.
(Some (f these results have been or are b e i n g  published:
HAYWOOD et al, 1973; HAYWOOD et al, 197ka, b; HMBLEY et al, 197k.)
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The other end o f the problem i s  the re la tio n sh ip  between 
the nerve impulse and the observed changes in  n u cle ic  acid  and 
p ro te in  metabolism. This can be studied a t  e ith er  the s in g le  
synapse preparation le v e l  or in  the whole animal using d i f f e ­
rent stim u li to  vary the input to  the nervous system. Use of 
the former has the drawback th a t i f  only sm all changes of 
metabolism occur they  w i l l  be d i f f i c u l t  to  d etec t; the la t t e r  
th at d if fe r e n t  c e l l  populations may respond in  d if fe r e n t  ways. 
Another d i f f ic u l t y  a ssocia ted  w ith whole animal stu d ies  of 
very ea r ly  neuronal events i s  a sso c ia ted  w ith  the len g th  of  
exposure to the stim ulus. In many tra in ing  experiments the 
behaviour o f the animals a fte r  very short treatm ents has not 
developed such th a t learning can be sa id  to have occurred. For 
example in  experiments where ch icks are exposed to  an im printing  
stim ulus th e ir  behaviour a t short exposure tim es (up to  ±>out 
10-15 minutes a fte r  onset) i s  more akin to  s tr e s s  response, 
and o ften  has l i t t l e  element o f o r ien ta tio n  towards the stimu­
lu s .  Thus there i s  no c lea r  in d ica tio n  a t which p o in t the  
birds began to  learn  the c h a r a c te r is t ic s  o f the stim ulus. I t  
may be th a t such behaviour i s  a necessary p re-con d ition  fo r  
subsequent learning in  such s itu a t io n s . There may be complex 
events occurring w ith in  the p rev iou sly  unused v isu a l system  
which are a lso  necessary pre-con d ition s fo r  lea rn in g . C ertain ly , 
as mentioned before, previous exposure to p la in  l ig h t  fo r  short 
periods before exposure to  the stim ulus enhances th e ir  subse­
quent behaviour towards i t  (BATESON and WAINWRIGHT, 1972). 
S itu a tio n s which in vo lve  one t r i a l  learning may thus be more 
appropriate fo r  such early -even t studies., ( e .g .  GHERKIN, 1969; 
WATTS and MARK, 1970).
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If the response observed in these experiments of enhanced 
RNA polymerase activity, followed by altered incorporation of 
uracil into RNA and lysine into protein do represent changes 
of macromolecular synthesis in response to significant inputs 
to the CNS and are involved in the storage of that information, 
then at least one, and possibly several, processes may link 
these changes to the nerve impulse. The nerve impulse is a cell 
membrane effect, a selective uptake and a selective out-put of 
ions; RNA polymerase is localised within the nucleus, and associ­
ated with the chromatin. Thus somehow there must be an information 
flow between either the cell membrane, or the cytoplasm, and the 
nucleus, which affects at least RNA polymerase, and possibly the 
chromatin too. Phosphorylation of nuclear proteins has been shown 
to occur after very short training periods in mice, or as a result 
of ' reminding ' (MACHLUS et al, 197k)» Much attention has been paid 
recently to the role of cyclic AMP in the nervous system, some of 
which would suggest it as a possible candidate for such a role 
(e.g. LANGAN, 1969; SIGGINS et al, 1969). However in the best 
studied system where specific enzyme induction appears to occur 
as a result of stimulation, cAMP seems to have rather broader 
actions (THOENEN, 197k). It may instead be involved in modifica­
tion of synaptic proteins and thus directly influence transmission 
(JOHNSON et al, 1972). Whether one or both of these êffects turns 
out io be directly related to neuronal modification in response to 
stimuli, the speed with which the synthesising enzyme, adenyl 
cyclase, can respond makes it a good candidate for involvement in 
early events. (This is not to neglect its possible longer-term 
actions - see for example HAMBLEY and ROSE, 197k, where the largest 
increases in adenyl cyclase activity appear after long periods of 
exposure of chicks to an imprinting stimulus.)
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In the f i r s t  in stan ce such lin k s  between the metabolisms 
of c y c lic  n u cleo tid es and n u c le ic  acid may most p r o fita b ly  be 
studied in  iso la te d  c e l l  populations ( i . e .  neurones and g l ia )  
where the com plications o f d if fe r e n t  e f f e c t s  in  d if fe r e n t  c e l l  
types can be reduced. I f  and when connections have been d etec­
ted then the simple behavioural systems (such as one t r i a l  
learn ing as mentioned above) could be used to  t e s t  whether 
there were d etectab le  d ifferen ces  in  them in  response to  stim u li, 
Both of the types o f in v e s tig a tio n s  outlined  above, th at  
i s  in to  short-term  and long-term  even ts, are p o ss ib le  d ir e c tio n s  
in  which stu d ies  of the e f f e c t s  of environmental s tim u li on the 
nervous system could be reasonably pursued.
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